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ABSTRACT 

The document is a' system documentatict maiual of the 
Computer-Assisted Teacher Training System (CAITS) developed by the 
Center for Innovation in Teaching" the Baudicapped (Indiara 
Oniversity ) . CATTS is characterized as a system capable of providing 
continuous, instantaneous, and/or delayed feedback cf relevant 
teacher-student interaction data to a trainee in the classiccm in 
order to ^modify behavior through regulatory teaching moves . ^Chapter 1 
discusses rationale, the importance of imiediate feedback, / 
observation systems in teacher training programs, ccmputer ^technology 
in teacher education, preservice research atd development activities 
with CATTS, and other training applications of CAITS. Described in 
chapter 2 are the component systems (CATJCS stations, data flow^ data 
collection, data analysis, feedback, stcrage and retrieval) and an 
-observation system training subsystem. Chapter 3 provides a technical 
overview and detailed- descriptions cf CATIS constituent sjstems, 
includinq design configuration, and hardware and software systems. 
Chapter U deals with the hardware components of the syste'e (central 
processing component, input hardware, output hardware, and support 
hardware components) . The software operating system components are 
described in chapter 5, including dat a. collect icn, oata storage and 
transmission, device ha tdlers, console ccsmand control , "program 
development, and program loaders. The final chapter off ers ^ 
conqlusions relating to technical experience with CAITS, reliability 
of CATTS fuifCtionE, cost- effectiveness , and CAITS technical future. 
The appendix provides the Cjommand list and data file formats. (ED) 
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< J , ^ CHAPTER 1 - " .- 

. , Introduction 

^ ^ The Computer-Assisted Teacher Training Sy^em (CATTSO is conceptualized 
as a closed-loop cybernetic system capable Qf*providing.^ continuous^ instan- 
taneous, and/or delayed feedback of relevant teacher-pupil interaction data 
to a trainee in the classroom in .order to modify behavior through Regulatory 
teaching 'moves. These moves are designated in accordance with . predeterteined 



training objectives . The system is designed to produce a co^f -ef/ec^ive 
means 6f collecting data from systematic observations and real-time analysis 
storage, and feedback* of information relevant to pupil-teacher interaction^ 
in special education con^xts. Feedback can be^provided through instsmtan- 
eo>is -visual dasplay in the classroom or through hardcopy computer pj^intout 
immediately following an observed teaching performance. The system permits 
rapid analysis and accumulation of stored data within and across^teachipg 

^situations. X^ITS also p.rovides a ^computer-managed technique for btiil ding 
and adapting oT>iervflttion systeij^b, and an efficientymeans ^foTx^ training 
reliable observer-coders. The system is designed for application in'^both 

*ipreservice and inservice teacher-training contexts. It can be used witllin 
*a teacher education laboratory on a college or university caupus, or 
directly in public schooj^^xlass rooms dn the coinmunity. Computert access is * 
available through ^direct oyi-linei interface, TDUCH-TONE telephone interface'' 
from re^te locations, or through portable data collection 4evices callied 

DATAMYTES. . ' ' ' ' 

' 0 : 

Rationale ^ / ' ^ ' * 

The application of computer technology offers a promising solutioi^ to 
a number^ existing- limitations in the use of systematic observation 

' ^ - V ^ - -^i 

techniques in teachfer education programs . Special -educators ar^ currently 

. " , . ■ ■ / ■ •■ 



exploiting opportunities ajcforded through recent advaHipeS in technology. 
Application of computets- in special education is broadlin scope, ^ranging 
froin direct' Gon)puter-ass is ted instruction, (CCAI) of handicapped pupils 
CStolurowf^l96(/), to ongoing branched CAI special, edueation courses at 
the University^ 1 eve L CCai7tvnright,^ Cartwright, 5 Robine, 1972), to state-, 
yprtde compiiter-'managed curriculum objectives and materials retrieval, 
Tsyst eras for j)ractitioners^ in the ^i:elcl CNoffsinger % Daiker, 1973).- 
Undoubtedly, "^as Such efforts pr9jgrfei5S "and cost factors are controlled, the 
field will be farced with' th!?' reality a technological revolution in. 
special education wi^thin' the coming decade. 

In their work, Cybernetic Pririciples of Learning and Educational 
■Design , '"Kayl aji|5^Margaret Smith (1966) base their approach to human learning 
on the findings^oJP'^ in human engineering, xThe Smiths 

argue convincingly for a cybernetic interpretation of behavior ---one quite 
different from conventional theories of learning. The cybernetic approach 
is a "genepral theory of behavior organization' which . • . views, the 
individual as a feedback system which genisrates its own activities in 
order to detect and Control specific stimulus characteristics of the / 
environment^' . (p,. vii), CATTS is currently conceptualized as a^losqd-loop 
cybernetic system which provides immediate feedback of relevant teacher- ^ , 
pu^^ interact ion Variables tpithe .t^ch^r trainee.. This allows modificat^p 
of trainee behavior to be reali^i^d through regulatory teachiTig moves in 
accordance with a predetermined ' strategy, thus creating the desired 
classroom envo^onment CSemmel, 1975). The system enables a trainer to 
stipulate' clear ly^ those e;.ements or patterns of teax^hing behavior which 
Kfe wishes to develop as goals for training. Real-time feedback of 
performance is provided to the trainee so that regulatory behavior may 
be "initiated toward estklishing a desired classroom learning environment 



for'the pupils • The trainees* progress toward achi^j^^ving objectives can 
^ ■ ^ bt syst«natically and cumulatively tracked and evaluated hy thp computer's / 
\ analytic and memory storage capabilities. ' , 

The Importance of Immediate Feedback 

.\ Assuming a. methodological sophistication which permits the measurement ' 
and feedbac,k of results of training concurrent . with the performances b£^ 
trainees in pyacticum settings, there arises the question of the ability 
/ of trainees to utilize knowledge of results w;hile simultaneously being 
" engaged in attempts to practice specific teaching skills, {'^^ work reviewed 
by Broadbent (1958), and Swets and Kristof ferspn (1970) , of flers some 
theoretical and empirical support for the contention that the human adult 
has the requisite information-processing competence to recode Simultaneous 
• multiple messages, 

Heinrich and McKeegan (1969) reported that, discrepancies between 
teachers' beliefs about vhow they were acting and how they were observed to 
act were less pronounced when subjects received concurrent immediate 

supervisory feedback as compared to delayed feedback relative to teaching 

5 ■ . - 

behavior. The concurrent immediate feedback condition was delivered by 

/ .1 ■ . - • ' ' 

the* ^pervisor who raised color-coded cards whenever a desirable or 

undesirable teacher behavior occurred. 

Reddy (^968-} demonstrated that counseling trainees who received im-^ 

mediate supervisory feedback through a dictaphone earp-lug device improved 

significantly more in empathic skills than -thos^ who received either delayed 

or no feedback, Spaulding C1971) similarly reported that inservice teachers 

who received a variety ojf feedback experiences showed greatest improvements 

under a condition employing immediate feedback during' classroom instruction 

periods. The immediate feedback fjrom the observer was transmitted by means 

' ■ Id ' ■ 

o 
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of a w|.reless audio receiver and ear speaker It should emphasized that 
.In these studies the feedback prdvided to trainees was insfantaneous and 
occurred during rather than after the training sessions. The work cited, 
therefore, offers empirical evidence for the contention that teachers in 
training can process and utilize feedback information while attempting to > 
acquire specific teaching skills. <. . 

The importance of immediate knowledge' of results or feedback in the 
learning process has been well documented. Greenspoon and Foreman (1956) 
have reported that delayed feedback, compared to immediate feedback, has 
a negative effect on human learning of a simple motor task. Tasks in- 
volving verbal skills appear also to be facilitated through the immediacy 
with which feedback can be provided (Bourne, 1957) . Some workers have 
gone so far as to contend that feedback might well be the '^stroiigest'' and 
"most important" variable involved in learning and performance (Bilodeau 
5 Bilodeau, 1961). 

Hence, the human learner may be viewed as a self-regulating cybernetic 
system who relives on feedback in his efforts to maintain goal-directed 
behavior (Smith 5 Smith, 1966; Semmel, 1968). The faster the learner can 
receive feedback, the faster he can be expected^ to modify his be)iavior in 
the direction of discriminable objectives- -and thus increase his efficiency 
in the acquisition of teaching skills (Gihbs, 1954). 

Observation Systems in Teacher-Traiiting Programs C 

It Ts evident that relevant teaching skills must be developed within 
the context of a comprehensive philosophical or empirical framework which 
is hypothesized to positively affect pupil learning. The most relevant 
objectives. in training will probably -be those .which go beyond the simplistic 
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notions of trainee discrimination and generation of a specified frequency 
of X or Y behaviors. It is more likely that a training program will need 
to be concerned with complex interactive patterns of classroom behaviors and 
the concatenation of .these patterns into operational definitions of desired 
pedagogical environments. 

A number of observation-coding systems ha^ve been developed by educat6rs 
(Simon § Boyer, 1970; Medley § Mitzel, 1965). The categories used in 
these systems constitute operational definitions of what the designers 
deem to tbe important classroom processes. When teacher-trainees' are encour- 
aged to favor one subset of behaviors or patterns from the total set of 
categories defining the system, it may be said that a prpgram has established 
specific behavioral objectives for the trainee. When trainee performance 
is observed systematically and the codified behaviors are fed back to 
trainees, the, system may be thought of as being a functional teacher- 
tfaining tool (Amidon, 1970; Bondi, 1970; Flanders, 1970). 

0bservation-c6ding systems have an intrinsic appeal to teacher educators. 
They (a) establish a set of operationally defined behavioral objectives for 
the trainee; (b) generally suggest an implicit set of training procedures 
leading to direct practicum experiences for trainees; and (c) generally 
provide a set of ground rules which permit reliable measurement of trainee 
progress. Existing systems vary greatly in their specificity of teaching 
behaviors. Some focus on the affective climate of the classroom (Flanders, 
1970), while others focus on the cognitive demands made by the teachers 
(Lynch § Ames, 1971), teacher control behaviors (Fink § Semmel, 1971), 
teaching strategies (Bellack, Kliebard, Hyman, § Smith , 1966) , nonverbal 
behaviors (Galloway, 1968) , and a host of other interactive skills. 
I While ideally suited to the requirements of a skMl-oriented training 
program, observation systems ar a subject to limitations as operational tools 



for teacher-training programs. They require extensive tiiiie commitments on 
the part of trainers, who, ^after assisjj^ trainees^in discriminating opera- 
-^tional objectives, must observe, 'Code, summarize, analyze, and subsequently 
feed back the results of performance to ttainees. Hence, the total training 
process becomes tedious, and the ^excessive time imitments seriously .limit 
the feasibility of such aCn .approach. 

Secondly, analytic methods available to t. ler generally , prohibit 

feedback of relevant patterns of interaction 1 \e frequencies of simple 

two-stage transitions. Method of data reduct: uently lead to dis- . : 

Portions of the frequencies of behaviors for : o periods (Collet § 

Semmel, 1970], Of greatest importance, howeve the fact that current 

methods necessitate relatively long delay^ of ck tt) trainees. Hence, 

as implied by the literature previously ijeview;. is questionable that 

the information provided to trainees could have rai^ ^imum effects on the- 
modification of subsequent teaching performance „ - 

Exploiting Computer Tec h nology in Teacher Education ^ 

Earlier sections of this report emphasize th: importance of immediate 
feedback to the acquisition of relevant teachinf; 5^::ills, Observation systems 
were discussed as potential operational tools for :ne specifications of\ ^ " 
training objectives, as feedback instruments in training, and as tools for 
the measurement of trainee performance. The utility of such observat j.on- 
coding feedback systems is severely limited by the tedium imposed by data 
reduction procedures and the resulting delay of feedback to trainees. It 
would appear that there is a need to explore a skill-oriented teacher- 
training system which meets the following criteria: ^/ 
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(a rmits the adoption and/ ne^tion of a broad spectrum of 

servable teacher and/or pu} saviors — to bi definable 

* within' the context of any system of N mutually exclusive cate- 

f 

tories of behaviors, - 
fbl It permits the continuQus and instantaneous observation, coding, 
analysis, and feedback of relevant training information to the 



trainee rile he^ is t eaching- -with feedback delivered through 

some mr fu;i auditory or visdql sourc; the teaching 

envi:^bi X. 

(c) It permits the utilization of automati^ .inax/tic^ techniques for 

' the continuous, rapid synthesis and desc iption of relevant 

behavicrs, patterns, and environments-- ile maintaining both 

tj^e frequency and duration of behavior : well as their 

sequential relationships. , 
\ , . _ ■ . 

(} It permits the rapid cumulative storage ^nd retrieval of all 

training sessions for any one trainee or group of trainees who 

uses the system. ^ ^ 

' One^f tl^ most promising means for meeting t ; above criteria is through 

the exploitation Df "real-time'* computer technolc . / 

Presefvice Research and Development A^r _j^^ies with CATTS 

. . , . ^ ^ 

'^niTiiil MOTk on CATTS was reported by Semmel (1968) and his students; 
Yj^^tdev {1969^}te^^ (1969), Schmitt (1969), and VanEvery (1971). In 
general, the^ sfudi/es support the efficacy of immediate concurrent CATTS 
feedback when specific behavioral goals are central to training. 



. ' ./ ■ -8- ■ ■ ■ • 

Schmitt (1969), ^for example, used CATTS and-a modified version of the 
FIA system to train preservice teachers to increase theiip use .of "broad ' ' 
questions and to reduce the frequency of binary questions in teaching the 
educable mentally retarded (EMR) . The )*esults i:' -icated that ' TTS trainees 
spent significantly mo!re time asking broad questic s than did itrol group 
trainees. The study also indicated a positive relationship between teachers' 
use of broad questions and the production of multiple-word responses by EMR 
pupils. 

VanEvery (1971) u^ed CATTS technology to,stud^the training of speech 
therapists in a clinical settings A remote telephone lijfe was used to 
communicate between the speech clinic and the CATtS computer facility. 
Observations of therapists in training were coded in the clinic and trans- 
mitted by telei^hone line to the 'computer, which fed back information ;Ln 
real-time. The feedback was presented on an event recorder which traced a 
pattern representing training objectives on a moving belt of paper. Trainees 
who received the immediate CATTS feedback showed a significant iricrease in 
the use of social reinforcement patterns when compared to a control group* 
VanEvery 's work demonstrated the feasibility of eventually moving CATTS 
remote public school classrooms fo2^ inservice training opportunities. 

Other Training Applications .of CATTS - 

CATTS is not limited to the delivery of instantaneous^^or delayed fepd- 
baci to trainees, nor to rapid data col^^ection; retrieval, and analysis. 
It can also be used to develop discrimination skills of trainers thraugh 
the training of reliable observers. A newly developed, computer-aided 
training device called DITRMA (Discriminate, TRain, and MAintain) aids in 
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the development of theS^e observation -skills . DITRMA is leased upon a simple 
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consensus -coding principle whereby individual trainees ' resp<^nses from two 
or more corb' ^ ^-r^mi^ n aultaneously compare( by 'h :omp >r 
the fesul m son s instantanepusly fee ba the :;0S. 

Through exp ^ n: .1 on' of Hhis simple configuratic ., the DI'^ /stem 

can be usei. ;aL '.mination of "relevant teacher nupil 1 , and 

. . ^ . r ' ' ' ' ' 

to maintai: Lev aliability. ..DITRMA is a seccn^- ;pnc consensus 

coding sys'L. gin, eveloped by*Semmel, Guess and Fie dc 

Universit^' 0 -Hig n Arbor. . « , 

IXir: ig oder-tr ij sessions, observers code videota. f 

the obse: ^a1 3r s) 1 e^ories on data collection ooxes gur - • 

ation ident: cal t ONE telephones. These button bo. t( 

the PDP-1 " computer j Gen:er for Innovation in Teachin* ^ppec 

(CITH) . The compute ts as an impartial judge, as traine a 

small group of up to f . ; oeiers. If all coders agree with ^ac 1 the 

coding of an event, ti ^roup receives an auditory reinforcer ^ ud 

speaker, the' video tap ^ncinues, and the compi t^r : "^h^i 

itr memo" Howi or, should one o„ more code: ^g-^e e others, 

the compute^ automati: .ly stops the videotape, and display of identified 

codes appears on the second video monitor for all trainees to study. Trainees 

subsequently discuss their differences, and the computer ''refuse;^" to 

continue the first videotape monitor until the group reaches a consensus of 

agreement on what is the correct discrimination and code, 

^- ... r- ' . ■ " ■ . 

Evaluation of the system has shown that coder-training time can be 

reduced by approximately 50% ^en compared to previous procedures using 
paper and pencil techniques. Of perhaps greater importance is the seren- 
dipitous realization that DITRMA is a potentially powerful device for 
training many teaching skills through what, i'n effect, is. ah ^tomatic. 



r-'^- ructional group format. The systerrt,*cts as an iTnr\:.rtial anc auto 

• * i; cussion leader fori, small groups of trainees who nr-; viewing i/iaeo 
■ '■!/'-*'*'. / , 

orotocols. ~ • .' A ' 

The new LITRMA system is also capabl* of assisting in :he develcnme 

' ' \ • ' ^ ' . *' S ■ • I 

-;::.tegory' observation systems. DITRMA' is an inueluable topi for :~ nic 

^antify-ing categories which are subject to relatively high rates 'ot )b: - 
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The CATTS configuration preni 
3* >ns: Teaching Station, Obsc 
' ing Station J^igure 1 ij^ 
—an? ;i the present CATTS in 

vr. va^ .n Teaching the .^lu iwec 
ichin station . The Teachini: >v.ati( 
sroOins which cin accommodate a fee ^acl 
/ted sp that the teacher can use ti inr::rii 
-rver with no interference with or unp iaf: 
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^ d:rectly,by the coinputer or indir^ -^m^.. 
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...rrent applications permit tr ci^ ?.t) /an :y : : vis ual di5^ 

} .:ays to tho Teaching Station ^/ V isual :)edba; c:: be -oro^ ided tr -ough 
closed- circuit , televised images o '- a D lode-rny i oe CRT} display under ^ 
dire^ct computer control, or an externa] 3vice /hie. displays feedback in- 
formation by changing /light patterns, c x-y chart recordings (Semmel, 1968; 
Semmel, et al. , 1971; VanEvery, 1970). 

They system can be adapted to provic ^ instantaneous auditory feiedback. 
In this application, the PDP-12 .computer is linked to an audio tape recorder 
which is capable of moving a t^e of prrrecorded messages containing verbal 
feedback relevant to specific teaching \: laviors and patterns rapidly across 
a computer-monitored tape head. For ^xar if teachor talk (as computed . 
from a number of behavioral categories } c zeeds a'pre ^ermined criterion 

4 ■ . • , 

(e.g., 80% within a particular time p-ricm, the comp automatically 
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Figure 1. CATTS configuration. 



/ "directs" the* tape 'transport to .locate the tape tnessage which. says, ^Try 
•• / / ^ ^ ' ^ I. / ^ ' 

putting down^ teacjier talE, ancl get mote pupil ^rtlcipation . ^.^jljp teaching 

' ' ' ^ . . '^^ - . ' ~ , . ' " * ' 

the trained refceives tHp message v4a a wit^eless, transistorized!, aiklio re- 

' . ' ■ . ' ^- 

"ceiver'with earplug speaker. /Hie specification of the^ paramerter^ for per- 

formance -criteria thrpugh computer programming assures error-free monitoring 
\>of trainee behaviors. The resulting CATTS feedback should, , therefore, be 
\ more^reliable than supervisor . feedb.ack methods. * ^ 

Obgrerva ti an'-Coding Station . , The Observation-Coding Station provides 
the link betvvfeeii^;the events occurring in the classroom and the computer 
analysis of these events. Mere, a trained observer codes classroom events 
consisting of categories of teacher^j^d/or <pupii behavior. Observation 
may take place within the classroom Itself, witlyin an observation booth 
adjoining the classroom, or by a ^losed-circu^ teievision connection. 
Figure 2 illustrates observation of classroom behavior through a one-way 
glass window. At present, the codings terminal used to input observation 
data consists of 10 mechanical pushbuttons ' mounted on a metal box-r-a con- 
figuration similar to^ a TOUQI-TONE (TT) telephone. Figure 3 shows an ob"- 
server with a buttoR box. These buttons, in turn, interface directly with 
the computer. ^ \/ 

It should be noted that the coding terminal permits an observer-coder to 
inplit data which is transmitted over telephone lines into a TT Data Set, 
and from there directly into the computer. The TT telephone interface ^ 
allows direct real-time observation for remote observation coding in com- 
niunity classrooms. ^^^^ ^ 

Probably the greatest asset of the coding terminal is that it can. accom- 
modate any observa|:ion system whose classification scheme can be defined by a 
series of ni5nibers. ^ The number of categories that can be actommodated is 
, virtually yUnUmited. * • / 



The present computer program is capable of accepting a three-^stage 
classification scheme with a maximum of 16 different codes per stag^. 
Hence, the system currently can record, in addition to' categories and sub- 
categories, the interactions between teachers and Sfgecific children in a 
classroom. ^ 

Analysis-Encoding Station , The Analysis-Encoding Station consists 
of a small, computer (PDP-12) and the associated computing hardware required* 

* - > ■ . -1 

for the on-line processing of coded input data Avhich is gathered and trans- 
mitted frop the Observation-Coding Station. Figure 4/ shows the PDR-12 
computer at CITH. Presently, the PDP-12 computer can sinn|[|tanepusly process 
input data from as many as 12 classrooms, and up to 12 types of observation 
systems, 

'In* addition to processing input, the confute r systcTm also controls the 

display devices-used in the teaching stations and provides for hardcopy 

j)rintout, storage, and, transfer of the analyzed data. Figure S shows the 

video camera method of visual feedback transmission back to the classroom. 

It is at this station that th^ trainer initiates the program options avail- 

able in CATTS. ^ The ^ teleprinter console , through software program control, 

allows the operatbr to select any specific CATTS program or option that^ill 

, ^ " ■ • 

satisfy the objectives of the trainer and/or trainee - 

The selection of the mode and content of feedback to the teacher- 
trainee in the teaching statiop is also' initiated from the console* If a- 
CRT display IS chosen as the method for feedback, the operator determines 
the content of the display by assigning the input data to different com- 
putational functions for the computer to calculate and display as feedback. 
The nature of the display is also selected from the console whic<i al lows 



figure 4.- p6p-12 computer at CITH 
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continuous feedback information to be presented either inj alphanumeric or 
graphic form. Figure 6 is an example of a graphic feedback display. The 
completion of the input-feedback cycle is realized in a matter of a few 
micrbsecdnds • Feedback displays can vary from simple frequency counts of 
desired behaviors, to abstract representations of sequential interaction 
patterns. . 

The integrated teleprinter, which also serves as the communications link 
to the CATTS program, provides hardcopy printouts for inspection immediately 
following the training session. Figure 7 illustrates an example of a 
printed feedback summary. These printouts can provide such information 
as the event times of the coded tallies, percentage of time spent in each 
behavior category, and frequency of occurrence of each category; or they 
can provide more complete descriptions and statistical treatments of the data* 
This information can be used as "delayed feedback'' to a trainee, and cim 
be stored fo4llater analysis « It should be noted that the use of the term* 
delayed feedback in the present context is generally defined as immediate 
feedback by most tbacher-trainers (Baker, 1970), since computer printouts 
are available to traiiiees immediately following theil^CATTS training session. 

By using the computer in this manner, bits of observation systan 
data are not limited only to storage by frequency and time of occurrence. 
The duration of behaviors and their order of occtirrence are^lso recorded 
in the ibomputer*s fsemory, and subsequently ^on magnetic tape for imalysis. 
CATTS can collect a continuous data record of classroom events, allowing 
analysi3 of duration of behaviors, as well as analysis of patterns or 
chains consisting of up to eight behavior categories. Hence, rapid descrip- 
tion and analysis of a continuous sequential vector of observational data 
can be analyzed and fed back to trainees (Collet § Semmel, 1971), , 
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In summary, it 'can be seen'that the translation of the closed-loop ^ 

cybernetic principle is achieved through the prototype CATTS by using 

'a human observel^- coder as- the interface between the events in a practicum 

setting and a computer. Behavior in the Teaching Station is observed ii>^ , 

the Observation-Coding Station and transmitted to the Analysis-Encoding % 

J \ • ^- 

Station. In a matter of microseconds, the computer summarizes, analyzes,^ 

stores, and continuously feeds back relevant information directly to the 

trainee 'in the classro^. The systeirhalso provides a coilrfpre^nsive printout 

of the analysis of all variables coded in the observation of the classroom 

transactions. ^ The printout may be used -as summative feedback fallowing a 

training session or stored ^or subsequent recall or analysis. 
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System data flow description 

Prior to any ^eqific discussion of the^various— functional coinponents 
which ^mprise CATTS, a discussion of the overall system da^ flow will 
assist in placing the individual system components in proper perspective 
relative to the total system configuration. 

Figure 8 contains a block diagr^ of the initial data collection, and 
feedback-processing data flow as processed on the PDP-12 mini- computer 
located in the Teacher Education Laboratory at CITH. \ Beginning at the top 
of the diagram, data is initially collected from three sources^ (1) direct 



\ 



button box entry, (2) TOUCH-TONE telephone\ntry , and '(3) off-line portable 
data recorder^ entry . The portable data recorder information must go through 
a decoding process before being accepted into the first-stage input processin 

The first process is to check the data for syntax errors which relate spec- 

/ 

ifically to the observati(»i-coding. system being used.* Thi;^ stage cleai;is 
the data and eliminates gross observer entry errors. From the syntax pro- 
cess the data flows in two directions. If instantaneous feedback is to be' 
employed, the data is presented to various visual feedback display routines 
for transmission into the teaching environment. The second path, which is 
not optional, passes the data through a data index ai\d storage process, 
which places an identification of the collection sesnion on the data file 
and stores the file on the PDP-12 primary mastery file system for subsequent 
retrieval. 

Fjom the primary master file the data is extracted by a transmission 
process and sent to the main computing center at Indiana University for 
final indexing and storage. Optional at this point is the availability of 
various data report routines for immediate inspection of data stored locally 
at the .PDP-12.^ • 

or 
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Figure 9 illustrates the data flow process at the main time-*sharing 
cOBputing center (CDC-6600), When the data arrives at the CDC-.6600, it 
»^ proceeds through the final index and "^storage process which provides each 

f , / r • ' 

file with a permanent identificatioh'and location for tjie next process^of ^ 
data retriejval. At this stage a user initiates the retrieval process by 
requesting specific dat4 files to be removed from the master file system 1 



and placed on a temporary scratch file for either examination or fufthet 
processing. 

From here the CATTS system is conceptualized as taking two different ^ 
directions; individual session ^feedback summary reports /'and multiple session 
analysis procedures. Individual summary reports operate directly off of the 
raw data^ and the^ various summary 'feedback routines are selected by the 
user for generation of printed feedback repojj^s on time-sharing terminals. 
Multiple data sessions are passed through various data reduction routines 
which prepare ordered data^file structures acceptable to c^ta analysis packages 
.^ch as the SPSS and BMD series. , . ' 
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DAt^ collection *^ . 



Dat^ from observers is input into CATTS from one or more of ' three alternatives; 
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(1) directly connected button boxes, (2) directfy connected TOUCH-TONE telephones 
and associated tone decoders, and (3) portable data recorder units y)ATA^fYTES) . 

, Local access to the PDP-12 computer is provided by specifically con- 

^ ' ■ ! ' 

structed hand-held button boxes as^ shown in Figure 10. * Tliese units, 12 in 

all, connect directly through parallel circuitry into the parallel input 

interface of the computer. The button configuration is similar to that 

found on a 12-digit TOUCH-TONE telephone. The boxes also contain three 

indicator lights which correspond to the three levels of nested coding 

capabilities provided by the system to accommodate most observattion system' 

.requirements. A toggle switch is also available for the purpose of turning 

the box off and on. C ° 

The data entry procedure is accoinplished by first having the observer 

activate the box through manipulation of the toggle switch. Tl^ computer, 

sensing the box as being ^'on," turns on t^e three indicator lights on top 

of the box. The observer then enters a series of identification codes which 

becbme part of the data base.' When the observation session is to begin, 

the observer enters a control code as data. Upon receipt of the control > 

code, the computer begins the timer for tha^^articular box; At the end of 

*the observation session, the observer enters another control code to terminate^ 

• the'd'ata collection sessions, at which time the computer closes the data ') 

file and records the data on the PDP-r2 mas6 storage index. 
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'During data collection 'the .^ipdicator lights provide feedback to the 

. ■ ■•■-.^ , ^ -ft" 

observer by indicating acceptance of each data entry; and its current posi- 
tion in the coding structure. For example,' if the coding system used by 
the observer has a two- level structure whereby each first- level code has an 
Eissociated second leveX^of subcodes, then the first 1 i\g J)tr^Ci 1 1 go off when • 
the first-level^ code has been entered* This informs the observer that the 

system is expecting; the subcode entry. 

J . • / 

The button boxes also contain a "SKIPJ' key which allows the observer 
the option, of clearing a mistake and re-entering the correct code before , 

striking the '''ENTER'* key. Once the ENTER key has been pushed, the data 

") ' . ' . ■ . ' • . 

associated wi-^h that ENTER key cannot changed. 

The toggle switch also allov^s an observer to pause in the middle of 

an observation sess^ipn vVithput endinj^ the' session. By turning the switch 

\ ■ - -J 

to "off,*' the computer time associated with that bdx is held m a paus€ 
state until the switch is turned back on. When this occurs, tlie middle 
, light stays on to rejnind the ol^server that his box is m a p^^use state. 



Tfit^ state is only available during the data collection session hefoTfe the 
control code is entered to, terminate the, session. ^ ^ - 

Besides the control c'ddes to, begin and end a data collection session, , 
b^fier control codes are available-^; indicate changes in the nature of the 
data being entered in any one observation session. This allows an observer 
to use a ^umber different observation systems in the course of one 
observatibn. These control codes be'come part of the data and are used in 

^ ' . y , • . * 

the^dat^ summary process t6 indicate that the data following the control 
^xode/ must be. .interpreted differently. 



i The TOUai-TONE telephone input probedure is very similar to that of 
the directly connected button boxes, in that c}ata is entered exactly the 
same way by th^ observer. TOUCH-TONE telephone access allows data to be 
collected from remote locations away* from the PDP-12 location. The pro- 
cedure in projects using CATTS ]ias been to install a number of telephone 
jacks in classrooms connected to a single telephone line from a SthooT. 
Connected to the PDP-12 is a DVta Set that decodes the tone signals anH 
converts them back into parallel numerical infoi*mation. The observer 
, reports to the school office, picks up the TOUCH-TONE telephone extension 
and selects the classroom to be observed. The^ telephone is 4:heri plugged 
into the classroom jack and the :^lephone. number of the Data Set is called. 
The computer senses the incoming call, makes the connection, and signals this 
connection to the /obs'ervcr%y sending a short confirmation tone back to the 
hand set. The obs^erver then enters the identification code and the control 

code to start the s.ession. V/hen^ver a control code is entered, an answer- 

/• 

back tone is sent to the observer in 'ordel* to confirm the receipt of that, 
code. The box on ^d off status is keyed to the answering and termination 
of the telephone call. Ther^ is no pause function available to the telephone 
procedure other" than the different method of collecting the data; the data 
Xo the cdmputer looks exactly like the data collected on the directly con-; 
nected button boxes and is stored in the same format. 

The portable data recorder collection prpcedure is also very similar ^ 
to the other on-line methods. The difference is that the data is stored 
on cassette tajpes for entry into the system at a later time. The recorders 

have the same button configuration and Observers enter' data the sdme way 

:\ ■ . • ■ . ■ ' . • • 

during the observation process. Because of its^ portability there is no 
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feedback available to the observers with regard to control code entry. 
To insure against the recorder missing a control. code, the procedure ^ 
followed by the observers/^is to enter each control code twice. Upon 

I MSP* 

receipt of the cassette tripes from field-based observers, the tapes^ 
are replayed through a decoder and the numerical data is input into the 
system. Agailr>^the^data is stored in^the same format as with the other 
input methods. 

The portable data recordfet contains an interval timer and an 
incremental cassette tape recorder transport. These features allow an 
associated interval time value to be appended to each individual data 
entry, which duplicates the function of th^e computer clock in regular 
on-line data> collect ion . The incremental recorder transport only moves 
to record data when it is entered. For example, where only 15 minutes of 
tape may be used for every hour of observation, this feature saves the amount^ 
>f tape used in any observation period. The advantage of this is in the 
reduction of the amount of time taken in the decoding process at the PDP-12 / 
computer. Newer models of the portable data recorder (DATAMYTE) have eliminated 
the cassette tape unit by storing the data in a solid-state internal memory 
chip. Transmission of data into a CATTS data structure is accelerated with 
this improved data collection device. 
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Real-Time Data Manipulation and Analysis 

One of the important general functions of the CATTS system is to pro- 
vide real-time data manipulation and analysis to projects using the system. 
This real-time processing application is centered around the instantaneous 
feedback capability of the system.. Due to the time-sharing nature of the 
CATTS operating system on the PDP-12, incoming data can be routed to 
instantaneous feedback routines which generate real-time Cathode-Ray Tube 
(CRT) displays for visual feedback, and tape recorder transport control 
for auditory feedback. The present CATTS system has the capabflities of 
generating two independent CRT displays for transmission ^^>jiija closed-circuit 
television back into teaching environments. Depending upon the observation 
and feedback schedule, the PDP-12 operator can assign any incoming-data 
box or pott to any available display routine. The display routines are' 
written to specification, depending upon the observation system used in any 
project. The data is usual ly reduced to specific variables required for 
feedback in the project and converted into time-lines, bar graphs, or into' 
nximerical formats which are interpreted by the teacher in the teaching 
environment, 

A simil^^ procedure is employed for auditory feedback, in that the 
audio tape recorder functions, as in the CRT display routines, are under 
control of the coo;)uter during the data collection process. Instead of 
reducing the data to specific variables to be continuously displayed, the 
auditory feedback process continually monitors the incoming data 
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checks it against predetermined paiameters. When any parameter is ex- 
ceeded, the computer controls the tape recorder to search the feedback 
audio tape for the appropriate feedback message for playback to the teaching 
situation. ^ 

4i 



7 Although ond-of-session feedback summary printouts are produced 
by th« external ti«e-sharing computer, CATTS is also capable of producing 
limited summary printouts on the PDP-12 for quick data verification. 
This function is also done simultaneously with the reaJl,- time data collection 
procMS. The reason for the limited printout capability is that the 

a 

systea^s available memory space is preoccupied with the real-time operating 
system anci CATTS data manipulation functions • 

\ ■ 




Feedback; ' , ' 

The CATTS system analyzes three general types of feedback methods. 
These methods are the Cathode-Ray Tube (CRT) instantaneous visual feedback, 
an auditory feedback system, and a summary printout feedback system. These 
systems are discussed in detail in the software chapter. 

Instantaneous visual feedback . The current CATTS system employs two 
real-time CRT units for real-time transmission of feedback information into 
two classroom situations simultaneously.' The transmission into classrooms 
is accomplished by transmitting the video feedback image to a monitor* 
placed in the teaching environment. This method, pennil;s the use of existing 
video switching networks that are available in many school systems- 

Auditory: feedback . This system employs FM transmission to a ^mall 
pocket, recei^r placed on the teacher in the training situation. The 
auditory fee dba6k messages are prerecorded by the individual and accessed 
through a remote audio tape control system in CATTS program control. CATTS 
software then determines whether selected behavior parameters have been^ 
exceeded, and the apnr , ate feedback message is computer-selected from 
the recorded tar . be played back to'th^ teacher in th^ classroom. 

Printed susmary feedback s After each data collection session is com- 
pleted, tha raw data is transmitted to a tiroe-shar,ing computer center where 
it becomes available to summary printout softwarcf' programs. Users or 
supervisors who require suimnarfes of these sessions need only, locate a 
time-sharing computer terminal and request printouts to be printed on their 
terminal. Different summary programs are available for specific feedback 
applications ... are oriented^ toward the observation' systems in use. 
-These summaries contain information from simple category frequency and 
rate calculations to ^xtensi^ category sequence analyses. 



Storage and retrieval 

The data storage and retrieval procedure for CATTS is a two-stage 
process; the first, takes place in real-time on the PDP-12, and the second 
on the remote time-sharing computer storage system. 

As the raw data is collected from the various input devices , it is 
initially sorted on. the PDP-12 disk unit, together with an identification 
assignment of a data Starting Block Number (SBN) . When the, disk unit 
storage area fills up, the' data is transferred to LINCtape for permanent 
storage at Teacher Education Laboratory (TEL) . The data stored at TEL, 
both on disk and LINCtape, is in raw form and it cain only be retrieved by a 
SEN, even though additional identification information is present within ^ 
the recorded data session itself. 

A backup data storage process is also available in case the disk 
should fail during data collection. If failure occurs, the system senses 
the inability to access the disk and automatically calls the LINCtape 
storage process which insures that no data is lost. 

The second stage in the storage process is more complete for retrieval 
of individual and summary session data. After the" data is stored on the 
PDP-12 disk, ^Lt is given a new format and transmitted to the large time- 
sharing computer (CDC-6600) at Wrubel Computing Center, Indiana University, 
for storage and analysis. At this stage the data carries a more coitfi)lete 
identification structure than the PDP-12 's SBN procedure. The data is 
stored on permanent file disks and magnetic tape with project and project 
design identifiers. }kith these identifiers, data may be searched, merged 
and stored for use in various feedback report programs and project summary 
analyses. Access to the data is through the CDC-6600 time-sharing system 
(TELEX) which provides interactive data manipulative programs and functions 
needed to summarize and analyze the data. 4^ ^ 



DITRMA; Observation Systea Training Subsystem 

System description > Figure U "i^llustrates the configuration for 
the DITRMA training subsystem. It is similar to the CATTS configuration^ 
in that it^^Hllects observation d4ta from butti)n boxes and displays real-time 
feedba^ information back to the training situation. In addition, DITRMA 
ties together up to six boxes for observer <:ategory entry comparisons ^ 
and provides remote control of a 1-inch v^deo tape recorder for prerecorded 
training materials. 

The basic funct^n of DITRMA is to present video-taped training 
material to observer-coder trainees who enter their observations into the 
button boxes, where they ar^ compared fo± agreement between coder entries, 
and provide feedback pertaining to the result of the comparison • If all 



coder entries are idortxical, the system continues to present the video-taped 
%raatftrial mnd provides feedback to the trainees in the form of an audio 
CT^eep") tone. If a disagreement is detected, the system stops the video 
tape recorder and displays, on an adjoining TV monitor, coder feedback* which 
identifies every trainee's button or category entry for visual comparison. 
The trainees are then encouraged to discuss their disagreements and to* 
arrive at a consensus as to what the '|corre^" category should have been. 
Entering the agreed-upon category restarts the video tape recorder and 

. permits continuation of the training session* 

Early training procedures require that a trrainer control: 
witij^a master button box and assists the trainees in system opei ion 
and categolrj^jjefinitions. Later in the DITRMAv training sequence, the 
^trainees may use the system under their own control in order to finish 
the trainifig material or to refine category discrimination skills; 

r \ ■ ■ . • 
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Figure 11. DITRMA configuration. 
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Hardware con fi ^ration > DITRMA adds to the CATTS hardware configuration 

' 

by connecting to and controlling a remote -control 1-inch video tape recorder. 
Since a maximum of 12 button boxes already are part of CATTS, the button 
box connection scheme for DITRfU is already available with the COTiparison 
for consensus of codes residing in the DITRMA software. Visual instantaneous 
feedback is provided back to the training station through the same Video 
camera/monitor vehicle as employed in the CATTS visual feedback syst^np. 

The DITRMA training station, as illustrated in Figure 12 > consists 
of six button boxes for trainees, two TV monitors, -and a remote -control 
unit for the video tape recorder (VTR) . One c the six button boxes can 
be assigned for the control box, which is the method for entering the agreed- 
upon cod* to restart the sy^t-em. One of the :wo TV monitors is used for ' 
presentation of training material from the VTR, while the oth^r monitor 
is used to present trainee feedback when a disagreement is detected. The , 
VTR remote- control unit is used by the trainer, who is controlling the 
master box, to provide the opportunity to rewind and replay for the xa^ 
any video seginent that requires reviewing for discussion, with CATTS, 
all processing and control remains at the PDP-12 computer location which 
is z^mote from the training site itself. 

An ad((i^tional use of DITRMA, other than the .real -tiijie training of 
observers, is the collection of all data entered by the trainees for - 
suwnary analysis at a later time.^^This data inc?.udes both the agreement 
and disagreement entires, with associated interval times. The information 
that is derived from a postsession sumJiiary analysis caiT^lead to analysis of 
problems in training, such as confusions in th/di scrimin^tions of certain 
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Figure 12. The DITRMA station at CITH. 




behavior categories^ this analysis may l^ad to trainer classification 
of certain category operational^definitions or the discovery of weak 
observers who need additional attention. 

A more detailed discussion of DITRMA, with examples of feedback 
available to observers, is found in the software section. 

) 
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PART II CATTS TECHNICAL MANUAL 
^ CHAPTER 3 
Introduction 

- # ■ * 

Part I of this report was written to provide ah overview aifd functional 

description of CATTS component systems . This section provides the reader 

with" a technical overview andjdetailed description of XATTS constituent 

systems, including design configuration, hardware and software systems. 

^ The design configuration section discusses the sy^tein as a whole, centering 

on the PDP-12 computer and the various hardwa|i0 systems that interface with 

it. A rationale for selection of the various hardware and software cora-^ 

ponents is provided from the point of view of flexibility and effectiveness 

teacher training and data collection applications. 

The hardware section describes ten specific input and output hardware 

components used in the system, including the PDP-12 ComputerLand its support 

cosrponents. This section is organized according to the functions each com - 

ponent performs. 

. t 

1 The software section is the mbst extensive in the manual, and includes 
software design descriptions of CATTS 4ata collection sSid feedback functions 
Due to the' unique requirements that the various t^ATTS functions place upon 

\ system resources, all of* the real-tiyi!^^ software routines were written by 
TEL staff members. The -software/ descx:ipt ion is divided into two general 

, sections; the first is an explanation <3f thp interrupt-driven operating 
system itself, and the second an explanation of CATTS-related processes 
such "as data collection, feedback and data transmission routines, and the 
DITRMA system routines. CATTS conimand 1 erred to in- the software 

. discussion are found in the appendix. ^ « ^ 

/ ■ ■ 



System Configuratio^^Overview 

The general functiooal applications of CATTS were described in the 
previous section, and Figure 1 provided an illustration of the systen's 
application in training and data collection situations. The DITRMA con- 
sensus coding system was also described and the application of DITRMA to 
training was illustrated in Figure 11. The central unit which 
interfaces and regijlates the real-time and data collection function of 
CATTS is a PDP-12 computer. Figure 13 shows the PDP-12 computer con- 
figuration with identification of the various I/O interfa9e components 
necessary to carry out the real-time functions of CATTS. The PDP-12 CATTS 
console is located in the Teaching Education Laboratory of CITH and inter- 
connects to training classrooms at Indiana University and sites 
throughout the state of Indiana by directly connected observer button boxes 
and TOUCH-TONE telephone networks. Descriptions of these various I/O inter- 
faces, which are necessary for data collection and feedback, are described 
in greater detail in the following sections of this manual. t 
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feystem Design Corisiderations 

Hardware. The prime coijsiderat ion for hardware selection is the imple- 
nentatita of a i^sponsive intrfrrupt-driven central processor. The nature 
of the CATtS data collection functions places the requirements of many 

■■->-■ . ^ V • 

simultaneous^ input devices on the system, and, due to the requirement 
assigning an accurate time interval to every data entry, the system must 
respond as quickly as possible to every external input event. Therefore, 
to employ real-time data collection software, an interrupt-driven processor 

* u • ■ - 

such as the PDP-12 was selected for CATTS. 

— ^ ■) 

To ftirther increase the responsiveness of the software, an Automatic 
Priority Interrupt (API) hardware system was included withiif^the processor. 
The API allowed the physical assignment of the various input and output 
devices to, be tied directly to different levels of the processor • s interrupt 
Structure. This means that interrupt requests occurring at a higher assigned 
ievel of priority can interrupt processes taking place at a lower level of 
priorityrHwid, upon conclusion of the high priority process, pass the 
processor back to the low priority interrupti^fi^ process* 

Another advantage gained by the APJ is that , when an external interrupt 
occurs, processing time need not be taken up with identifyifffe the devicfe 
source of the interrupt. Instead, processor control can be passed directly 
to the specific rjpquesting hardware device. 

The primary purpose of an API installation is to reduce the time that 
external I/O requests require for processing, thus maintaining the accuracy of 
the assignment of event time to incoming data. * An API also assists in a 
more efficient assignment of tasks that use the slower input and output 
devices. For example, printing, which is slow in comparison to internal 



processing, can be simultaneously time -shared along with other processing 
fuiictions. This device apd processing time-sharing capability increase 
the flexibility and responsiveness of thfi CATTS. system- 

Other hardware considerations employed in CATTS are centered around 
installing I/O systems which include their own controllers as part of 
their function. This is common in hardware devices, but due to the 
speed required to respond to external interrupts, the processor is de- 
pendent upon as much outside I/O control as possible/ The PDP-12 con- 
figuration employs many built-in devices, such as a point iand character 
generator fpr the two CRT channels, a multifunction real-time clock, and 
an interrupt -scanner controller for the digital I/O system. The most • 
impprrtnt prerequis^e in designing the hardware -obse^jrer interface is 
to provide the simplest method of data entry for an obsierver, so that an 
observer is able to focus hils/her attention/primarily on the interactive 
behavior being coded. Thiff^de.sign? objective is;met by adapting a 12-key 
pushbutton keyboard similafr tc^ a TOUCH- TONE telephone keyboard. The 
observer enters combinations of pushbutton nihnbers to represent assigned 
categories, then pushes the lower left-hand button TOUCH-TONE telephone 

■ ^ ^ ■ • ■ V 

fi * If) y^^y enter the observed data into the system. The previous data 
is not recorded until this, ''ENTER" * ") key is pushed. If the observer 
makes a mistake in the category numbers and recognizes the mistake before 
pushing the "ENTER" key, the observer may push the lower right hand "SKIP" 
key (TOUCH-TONE-Telephone " # " key). The "SKIP" key clears all data 
entered since the last "ENTER" key aiid resets it?elf for a re-entry of 
data. 
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Since event tise is eutonatically assigned by the cosputer upon the 
receipt of each "ENTER" key^ the. observer is left free to concentrate 
on the behaviors being observed. When data is entered by the observer 
into the keyboard, the coapafct^configuration of the pushbutton keyboard 
peraits uncoaplicated entry. 

Another consideration for eaploying a TOUCH-TONE keyboard is to 

I: 

penit a positive transfer of data entry skills froii directly connected* 
boxes to TOUCH-TONE telephones for data entry. Observers are then able 
to transfer betyeen box and t^ephone input units without retrainin]^ 
. The DATAMYTE portable data recorders are also specially prdered j with the^ 
4 pushbutton pad altered into^ TOUCH-TONE format. In order to design the 
CATTS syste« for ease |of appliccftion in classrooas, easy\Connection to 

classrooas is of prime importance- To facilitate this connection, existing^ 

' ^ "... 

closed-circtiit television lines, are used to collect and feedback data 

T. ■ 

into classrooms. This adaptation of an existing (CCTV)/switching network 
allows plug-in access throughout the public school complex that is adjacent 
to the CATTS h^dware location. The care in selecting hardware that 
facilitates time-sharing applications, data entry, feedback applications 
and classroom accesibility, ties into the increasedr cost-dffectlvoness of 
implementing CATTS into developmental and training si^uations.r^Jtncreasing 
tlie number of classrooms or observation rooms that can be serviced by one 
hardwareVaciiity decreases the cost involved to serve l:hose classrooms. 
Accessing^classrooto* quickly without major equipment installations also 
permits time-sharing of existing CATTS facilities across a wide range of 
applications. By following the hardware design considerations discussed 
above, many classrooms within a school complex or, through TOUCH-TONE 
telephone lines, within a school district, can be served by one responsive 

facility. V , 

■ ■ . . > \ ^ ^ '"^ ' ■• " ^ 



Software , As with the hardware considerations^ the development of a 
responsive software tine-sharing program that takes 'full advantage of the 
hardware is the most important The ability of the software (a) to 

respond quickly to external input events, (b) to process incoming observer^ 
data from majiy simultaneous sources, and, (c) to simultaneously'' provide 
output feedback to as many locations in as many forms as are required, 
constitutes the flexibility and* applicability of CATTS. 

The design of the software to reduce the complexity of observer data 
input ar^d to increase the readability of feedback output is also an impor- 
tant consideration. Great care is taken to red^e the potential, impact 
of complex computer technology on the jK&ople who use and interface^with V 
CATTS. 
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CHAPTER 4 
^ , tlardware Conponensts 



Figure 14 illustrkte^^ the current PDP-12 system configuration 
currently in use to conduct CATTS research and development activities. 
The systen coi^sists of two basic configurations; .(1) the central processor 
unit and associated nenory devices, and (2) input/output peripheral devices. 
Figure 15 illustrates the sane configuration, but reorganizes the configura- 
tion into an input and output hardware function diagram. Table 1 lists ^ 

the coaponent parts and model numbers of the Digital Equipment Corporation 

Ik 

(DEC) supplied system. This list does not include the support hardware 
components which will be described below. ; 

Central Processing Complement 

Central processor . The PDP-12 central processor is a dual processing 
^^ystem with two instruction sets for assembly language programming applications 
One processor is a self--contained PDP^SI which is programmed with DEC PAL 
assembly language syntax the primary language employed^ for external I/O * ^ 
processing. Xhe^PpP^SI PAJL language organizes memory in 128-word pages 
and is fully cpmpatalWe with other programs written for PDP^I processors/ 
The l^AL instructions are used for all communication to externally connected 
I/O hardware, including, the RK8-EA disk unit, the UDC8 digital I/O subsystem, 
the KNI2 real-time clock, the KF12 multilevel Automat^ Priority Interrupt, 
and the communications and pai)er tape I/O units accessed through the BAl2 
peripheral logic "expander, ' - ^ V 

,./■ ■ ' . ' .. . • ■ 
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Figure 14. CATTS PD_P-12 hardware configuration. 
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Figure IS. Input/Output hardware functional configuration, 



Table 1 



/ 



CITH/TEL PDP.12 COMPUTER SYSTB4— 



PDP-12/30 Advanced LINC Computer System including: 
-PDP-12 Dual Instruction set Central Processor 
-4096 12-blt, 1,6 us Core Mesory ^ 
•Direct Memorji^ Access Channel 
-KF12 Multilevel ^itpaatic Pixority Interrypt 
-^^l2 4K meaory extension 
-rCW12-A Real-time Clock 

-TC12 LINCtape Automatic Control, fully buffered, DMA Transfer 
-TU56 Dual Tape TraiTsport - LINCtape 

-R1C8-EA 1.6M word Disk Cartridge system (including controller) 
-DW8E-PA Positive 1/6 Bus to OMNIBUS converter 
-BA12 Peripheral logic expander 

-VC12 LINCscope Control and Character Buffer, 2 Intensity Channels," 

2 sized Charcters 
-VR14 7" X 9" CRT DispllPp 
/ -AD12 Analog-to*Digital Converter and Multiplexer, 16 Channels (8 knobs), 
^ 10-bit accuracy, Saapie and Hold, Differential Preamplifiers, 69 

/ kHz conversion rate, eitp^xydable to ^32 Channels / 

-DR12 6 Programijiable SPDT Relays 
*Data Terminal Panel 
-LA30 DECwriter, 30 Char/Sec. 

-ASR-33 teletypewriter, 10 Char/Sec .^aper Tape Reader arid Punch 
•^6 Sense Switches 

(9 us) 



-UDC8 Digital 

Logic 
-30" Freestandi 
-Console Table 




-Hardware Signed Multiply Ins^ 
-15 Auto-Index Registers 
-12 Sense Line Inputs 
.KE12 EAE Unit (Extended Aril 
-KP12 Power Fail/Restart 
.VR14 Slave CRT 
-PCI 2 High-speed Reader/ Punch 
-0C02 Multiplexed 4-Channel co;i 



etic Element) 



unications unit 



I/O 



/Input and Output Buffering and Interrupt 



J ^ 



The UNC instruction set Is used to program and control the linC 
processor, JwKich is a^special processor used to control devices such as 

V ■ 

6^ the TC12 LINCtape units, the VR14 display-«opes, the DR12 relay buffer, 
^ and the AD12 16 channel analog-to-digital converter unit. These devices 
are not accessible to the PAL language and, in order to make full use of 
the PDP-12 system^ control is passed back and forth between the LINC and 
PDP-8I processors for maximum use of devices and codfe efficiency* The 
LINC instruction set organizes memory into 1024-word segments and contains 
its own set of auto-indexing registers similar to the PDP-8I instruction 
set. The power of the LINC instruction set is its access to the LINC^tape 
controller, the display controller (together with both the point and 
character display buffers), and the A-D converter controller for fast ex- 
temal signal-sampling applications. 

Both instruction sets have full capability to process numerical and 
control types of code, but the instructions differ in control of external 
I/O hardware processing. The CATTS software system uses both instructi<H;i 
sets interchangeably towards the most efficient Use of the total hard- 
ware complement. 

l^ltilevel Automatic Priority Interrupt (API) . Table 2 lists the 
current device assignments for the API hardware device unit connected to 
the central processor. The function of the API is to pass control to 
designated I/O routine if an interrupt occurs on any specific priority 
level. The API saves the current machine level and arithmetic X'egisters, 
then passes control to the interrupting level, and restores the current ' 
machine;^evel and arithmetic registers.yhen the interrupting process is 
completed. The advantage of the API is that interrupts of a higher 




1 Table 2 

Automatic Friority Interrupt (API) Level Assignments 

API Priority Level ^ Device 

(Decimil) [ ^. 



0 




0 


-,KP12 Power Fail/Restart Unit 


1 




1 


-TC12 LINCtape Unit 


2 




> 

2 ' 


-ICW12 Real-time Clock 


3 






(Unused) ' ' . ' /* 


A 

4 




A 


*L*nou L>onsuic 1 cicpz^xn tei^ uiix^ 


5^ 




5 


-LA30 Console Keybovd Unit 


6 




. 6 . 


-ASR-33 Auxiliary Keyboard Unit 


7 




7 


-ASR-33 Auxiliary Teleprinter Unit 


8 


10 : 


(Unused) 


9 




11 


-RK8-EA Disk Unit 






12 


-BA12 Peripheral Logic Expander with^DCD2 CoMunication 








Unit and Pci2 RDR/PNCH Unit 


11 




13 


-UDC8 Digital I/O Subsysten 


12 




14 


(UnBsed) 


13 




15 ^ 


(Unused) 


14 




16 


(Unused) / , 


15. 




17 


-Background/Machine Processing Level 



Apriority than those currentljr being executed can take control of the 
processor, and lower priority interrupts that occur during the current 
proo^sing of a highex priority interrupt can be saved and processed 



in order -eif priority after current higher priority {Processing is complete. 

1teal-*tiae prograaaable clock . The clock iTs used Tor the aain ^ 
timing functii|pns of the operating systen by supplying interval time 
buffers to routines that\»quire^iining information. Time is used in. 
^e CATT^ operating system for visual CRt displays, data interval ^ 
timings* and time-out routines employed in data collection and DITRMA 
training. The clock is also used to decode the prerecorde,(i| audio' , 
location signals present on the control track of the tape recorder 
used in, the auditory feedback system. 

Extended Arithmetic Element fEAEl . The PDP-12 CPU (Central Processing 
Unit) has an extended arithmetic processing ui^it to assist in mathematical 
processing by using the MQ (Multiplier Quotient) register as an additional 
12-bit extention. The £AE permits the use of an additional set of PDP-8I ; 
instructions for 24-bit arithmetic pr/cessing, ^ 

Auto-index registers . Both PDP-8I PAL and'LINC instruction sets / 

make use of hardware auto-index registers for programmingyapplications, 

/ 



Lng 'Ijpaii the 



These registers have different functions dependi^ ^ttpoir the instruction^ 
set being used and the application required, ' 

Po wer fail/restart . The power fail/restart system provides 

- _ ■ 

hardware that detects a potential dro^ or approaching drop in the AC power 

^ .-ft 

level to the processor, vThis causes an interrupt to level 0 of the API, 

- • ■ - I 

which saves the currejit m^hine level and register status before the actual 



ERIC 
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power fail oqcurs. When power is restored, the hardware automatically 
restores the original machine status and continues processing witf^t j 
loss of data or important information processed prior to power faifticre. 

Hai^dware signed multiply instruction > The LINC instruction set 
provides a 9>^s signed multiply instruction for increased arithmetic 
processing, ^ ^ ^ ^ 

Memory and storage \ 

Core memory^ The PDP-12 core memory is an 8J( 12-bit word 

configuration which is Organized in two 4K Stacks for*^the PDP-8I assembly 
■ language requirements, and into eight. iK stacks for LINC ^ogramming. 

Any portion of<raemory is availatrteOJo both processors, 

LINCtaper units . The PDP-12 sy^s^em also supports two LlUc- 



tape which are switch-^selecti^ble for logical unit assignments 

from un^L^ through 7. Each unit's internal data organization- 
is identical to. that of the disk unit internal organization in 
that each unit contains.. 896 blocks of data witti 400 octiil 
12-bit words each. Program and/or data inforiiation is r^d 
or written in these 400 octal word blocks minimum for the tape 
units and half block (200 octal wor45) minimum for theldisk 



logical dhits, The LINCtape units are programmed through the LINC 
assembly language instruction set. 



Disic unit ! A 1.6 M word (12-bft) moving head disk cartridge 
device is available to the central processor for data and program 
transfer. Vhedisk is organized logically into seven contiguous 
LINCtape units that are accessed through the disk instructions found 
in the PDP-8I assembly langWge instructions. The logical unit 
assignments are 10 through 16, 
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^ Direct Memory Access channels y (DMA) . Communication to and from 

the central processor is through the DMA on a data break cycle scheme. 
This permits data and program transfer units without loss of program 
control. A tape and disk unit interrupt structure allows program^ \ 
response to be keyed to the completion of tape and disk transfers. 

Input Hardware i / 

UDC8 I/Q input subsystem. The Universal Digital I/O subsystem contains, 
incoming interrupt identification and scanning controller to isolate ex- 
* temal events/such as button presses and a scanning controller to identify 
the specific source of the interrupt. When the source is identified, the 
UDC8 interrupt is presented to the central prec^ssor for processing. 

The 12-bit interrupt module of^-the UDC8 correspond? to any of the 12 
possible parallel data -^nput ports originating from the directly connected 
observer button. boxes or TOUCH-TONE telephone Data Sets (Module 403-E 
Data Sev). Th^^ correspondence from any coder-initiated external button 
press interrupt is to 12 sets of 4-bit/ voltage sense points that are 
sampled ^rom the central processor and processed as BCD coded data. TJ\ese 

V .J - '. 

\x * ■ * 

4-bit codes allow entry of up'to 16 separate cittegories ^for numerical and 
' control character processing. Currently, the numbers 0 tfirough 9, and 
th'e control characters "ENTER" (send) and "SKIP" (clear) are ixsed.. The , 
four .remaining unused codes are available to ,CATTS for additional control 
or data characters for future applications which may require them. 

Console keyboards. \ The central processor has available two console 



Ijiput^yboards for external opjerator control. The CATTS monitor re- ' 
ceives its directives from a 10 CPS ASR-33 keyboard. All communication 
with the CATTS monitor originates from. this keyboard.' An auxilliary 



\ 
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30; cps keyboard is also available^o CATTS and is used for independent 
conmiuni cation to external time-sharing computing systems^ for/ data transfer. 
This 30 cps tA30 operates, independently from^the CATTS monitd^r. In case 
of a ASR-33 malfunctiojt, CATTS <nionitor control can be transferred to the 
LA30. . ^ .u 

Input communication ports . There are four inultiple>p6d asynchronous 
ASCII input ports available tp tKe central pjroce3sor for/ external in forma - 
tion input requirements. These' ports accepjt -standard ^-bit character trans- 
mission and present an assemblec^ charactei^' buffer to the central processor 
for processing. Two 300 -baud ports are^currently assigned to Data S^ts 
for external communication to computer time-sharing systems. The remain- 
ing two ports, atre connected to the Electro-General' model 804 DATAMYTE de^ 
coding units which decodte observation information collected on cassette 
tape^ with the DATAMYTE model D AC -8 portable collection units. The cassette 
data^ t^pes are decoded and translated into 8-bit . ASCIJ characters, aftd trans- 
mitted the pC02f communication ports' at 110 baud. 

; ^ ' ^ ' ■ . '"^ ■ ^ . ■ - 

High-sp^ed paper tape reader ^ , A 300 cps paper tape reader unit is 
also available for data and program input. Its use is restricted only to 
those times .when both the disk and tape units aire nonfunctional. 

- Eight-channel Analog to Digital (A.-D) . converter . The LINC processor 
and Its instruction set can access a multiplexed eight-channel A-D converter 

devicte. Currently CATTS does not require the use of this device. 

* ■ ■ ^ ■ ' > vv. 

Twelve external ^ensef lines . ^The central processor ^so has a 12 -bit 
external voltage sense buffet' ^that can be sampled directly through the LINC 
instruction set. This 12-bit buffer is currently used to detect coding 
box "on-off" status fdr the CATTS operating system. 



Output Hardware y ' \ . V ^ 

UDC8 I/O Output subsystem/ The three oiitput components available to 
CATTS from thd^UDCS are the solid-state flip/flop outputlines, the relay 
* control lines, and the four-channel multiplexed Digital to Analog (D-A) ^ 
convt^i^r. Through program control, any of these three components can be 
selected to perform an output function/ CATTS uses the solid-state flip/ 
flop output lines to control'small LED ^( Light -Emitting Diode) feedback 
signal lights located on each of the directly connected button boxes, nhe ^ 
^ , relay control lines are used to operate, under computer control , video and 

audio remote-control tape recorders, and the necessary conn^ctioijs needed ' . 
to control and answer-back signals required by tl(e various data phones. 
Jhe D-A converter IS used to generate frequency-coded signals on the alter- 




t6'^f1con£rol £rack of an audio tape recorder which is useS tQ,,jlocate 
the appropriate message for playback during the audio feedback applicatidn. 
This is accQ^lished by using the D-A to generate a tone of a specific 
frequency.' ' 

Console Printers . The two printe/s associated with the two console 
keyboards are used in the CATTS operating system. The CATTS monitor printer 
is the ASR-33 and it types qjut proripts, status messages, andMjrror messages 
when requested or generated from the operating system. Because 6x-tl^_^J 
reduced and periodic print generated from the monitor, thp 10 cps^priht^^ 
speed of the ASR-33 is more than adequate foij. the function seiv^^di 
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. ^ For' other, printing: need^i such as ^t^jnoi^ tape dumps and print- 

generated, from a remote time-sharing system^ the faster LA30 30. q)s matrix 
printer is j(ised. This printer, like the LA30 keyboard^ is completely in- 
dependent of the CAT^ monitor. ' 



O ^t^ communication. Port s > th% multiplexed f^ur-channel asynchronous^ 
^tput^ASCII character ports riepresent the companion unit toAhe input 
:;ommunica«:ion scheme described above. Since the DATAMYTE 608 decoders do 
not require output characters from the PDP-12 system, only two' of the four 
output ports are used,. These, two, SOO-baud ports correspond with the two 
Data' Phones that communicate with the remote time-sharing systems. These 
two parts, with ASCII input and output capability v allow the CATTS operating 
system, through a time-sharing scheme,/ to become a remote terminal for 
data transfer to and from the CATTS PDP-12 syst.^ and the- time-sharing 
system. . ^ 

High-speed paper tape punch . The 50 cps paper tape punch .is used)by 
CATTS as a back-up data duiup in case of a data storage malfunction dn both 
the tape and dj.sk storage units. 

CRT Displays . Two independent CRT' digplays witlv^ajitt- and character 
generati^on subprocessors ai^e available to the PDP-IZ" system through" LINC 
mode instructions . CATTS uses|^the/di splays for instantaneous visual feed- 
back applications. Data is dis^t^yed on the CRT screens located in the^ 
laboratory, and transmitted tojthe. remote classrooms via closed-circuit 
television. ' ■ ^ 

Support Hardware Components. ' ' 

Solid-staTO ^data entry button boxes. Figure 16 is a schematic^ representa 
tion of the' directly connected^arallel data button IjCfices ys^d^by the ob- 
servers to enter data into CATTS. The encoded keyboard circuit and the bus - 
driver circuit combine to provide the UDC8 input sense lines and interrupt, 
lines with a 4-bit data code and a single line intemjpt pulse. The re- 
maining lines into 'the button box provide power to the solid-state modules, 
coder feedback ,lightycontrol5>, box on/off senses circuit, and common signal 
power grounds. • 
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DATAMYTE model 608 coupler/decoder . Two couplers and two cassette 
ta|||^^'iS^6rs ^re connected to the PDP-12 through the DC02 conmunication/ 
po|rt5 at 110; baud. GATTS collects, the data as ASCII characters and converts 

the character's NLnto an internal code Identical to the code collected by the 

— ' ^'^^ ' ' . ^ ~' " ' ' ^ • 

directly connected button boxes. Thus, at any "liter time, the^ couplers . 

can si^ltaneously process DATAMYTE data with the collection of real-time 

darta. 

TOUCH-TONE Data Set , The Bell telephone model 4Q3-E TOUgH-TONE Data 
Set converts the TOUCH-TONE telephone signals into a 4-bit parallel signal 
together with a strobe or interrupt signal for real-time data collection 
from rebote classroom locations. Each remotely located TOUCH-TONE 
telephone requires a corresponding 403-E Data Set for decoding data signals. 
The visual application of a real-time TOUCHrTONE data collection system is 
to outfit a school with telephone jacks, in selected classrooms and provide 
observers with a plug-in TOUCH-TONE telephone to carry from classroom 
to classroom, • 

ASCII code Data Set , A Bell telephone 103-B Data Set is used for 
two-way communications between a remote computing center time-sharing 
system and CATTS for raw data transfer to mass storage files, and for 
remote transmission of CATTS summary feedback generated by CATTS on the 
PpP-12 to telephones located in schools where TOUCH-TONE 
data collection is taking place."- 

Automatic Calling Unit (ACU) > A Bell telephone 801 -A Automatic 
Calling Unit is used by CATT^ to automatically place a call to the rwnote 
time-sharing service for data transmission to user storage files. The 
ACU removes the* necessary PDP-12 operator intervention after each data 
collection session is completed and data transmission is required. 



CATTS is prograjnmed to automatically call the computer center after each 
session, establish contact with the time-sharing system, transmit the data, 
.'ajid verify success of transm/ssion. .""X^ 

Remote -control Vid^-j^pe Recorders . Two Sony AV300/AV320F 1-inch 
' remote- controllable tape recorders are connected to'CATTS through the 
UDC8 rela^ buffer. The tape recorders are used in the DITRMA system where 
the tape stopping and starting is under program control. 

Remote-control Audio Tape Recorders . Two TELEX model 1022 audio tape 
recorders are connected through the UDC8 relay buffer for remote -control 
operations tied to the auditory feedback system. The recorders are stopped, 
started^ rewound, fast forwarded, and placed into record mode by CATTS in 
order to fulfill the functions required. • % 

TOUCH-TONE telephone to UDC8 interface . A solid-state interface was 
designed to translate the signals generated by the 403-E Data Set, making 
them compatible with , the sense-line inputs located i^rt the UDC8 int^yface. 
The translation of thes4 signals then corresponds to'the same voltagf range 
of the directly connected button boxes. This translation permits CATTS to 
process the incoming data signal^ ^ the "same for all real-time data collec- 
tion devices. 

Miscellaneous Audio-visual equipment s In order to operate DITRMA and 
display CATTS immediate visual feedback, various pieces of audio-visual 
equipment are used. This equipment is not directly connected to the PDP-12. 



aiAPTER 5 
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Software Operating System Compone.its / 



Operating System: An OvervievA 

The CATTS real-time foreground/baAground operating system was 
developed at CITII using the DEC DIAL-MS operating system. ^Tlie 8K ^ 
core limitation prompted system development in the early stages of 
CATTS research and has since evolved into a flexible and responsive 
system that meets the specific requirements of. CATTS aipplicat ions . 

The basic design of the real-time operating system is comprised 
of foreground I/O handlers and a background processing loop. Tlie 
foreground handlers are ^ssigjied to different levels of the API,^'d 
the background loop contains the ^OT refresh an^\^task s,chedular 
routines The system is controlled through a console teleprinter 
monitor routine which permits operator cohtrol of and assignment of 
all CATTS functions". The residjQt operating system resides in field 

0, and various CATTS application routines reside in fie^ld l^^'^When 

' ■ * . ' ^ \ . ^ 

called, some application routyies remain core-resident, Whi le other 

quick-run utility routines (^rint, statds, etc'.J are scheduled into a 
shared ac utility area of core."^ All application routyhes may be , 
loaded or unloaded through monitor control, A memory^map is main- 
• tained, and current core status reports are made available through the 
monitor. . . ^ ^ ^ 

The system is generalized to accept data from any t^e of obser- 
vation system, and, in turn, to reformat the data "into standardized ds^t 



V 



the type of CRT f^eedback to be displayed^ different routines are l|oaded 
and scheduled during d^^^collection . These individualized di^ 
processing routines are ^the only components with iTi the real-tjihie gener- 
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file structures. Backup routines for system storage malfunc^ons are 

^\ 

.also part of the core-resident system and they are able\ 

^ J . 

to automatically exchange disk, tape, and paper tape handlers m order 
to insure against data loss. 

The primary requirements that the operating system was designed 
to process are: 1) simultaneous data collection from three different 
sources, 2) real-time CRT feedba^ck on two independent channels, and 
3) an intermediate data storage and transmis^Bn facility for data 
transfer to a remote computer time-sharing system. 

Data Collection . The three data collection sources (parallel 
input button boxes^, TOUaHTONE telephone input, and DATANfYTE cassette ^ 
= tape input) are processed simultaneously through a -f ore ground/back - 
ground interrupt design. The API hardware systeni provides the facil- 
ity for responding to external input events in the foreground mode^ 
by placing \he data onto^^ background stacking routing for delayed 
processing. Time intervals between data entries are. appended to each 
l^indiyijfluai infcoming^data poinit by the foreground input and clock hand- 
lers. Incoming DATA^^YTE data carries its own ^corresponding digit ti^e ' 
in'tervals , and skips the clock routine. - \ 

^Real-Time CRT Feedback. The two CK^\ feedback displays are re- ^ 
freshed from'the background display loop. Display buffers are filled 
w^tiv, in format ioji extracted' from assigned incoming data streams. De- /r 
pending upon the* observation system being^4|edi|o collect the data and 



alized system that require continuing prograin development for feedback 
applications . J 

Intermediate Data Storage aj»d Transmission. Due to anitcipated 

-"^^ — — 17^ ' 

time -lags and down-time periods in the remote computer time-sharing 
service, an intermediate data storage dii5k unit contains completed 
observation session data files. Eacli completed data collection ses- 
sion schedules a data sort routine to extract data points corresponding 
to that input source from an interlaced data scratch file, and appends 
thee sorted data file onto the ^termediate file unit. IVhen the remote 
tim^-sharing system is available, each file is automatically trans- 
mitted to mass storage through a scheduled bacjcground loop transmission 
routine. 

Printed data summary processing and analysis is performed on the 
remote computer time-sharing system. Upon completion of a coded 
observation session and automatic transmission of the data onto mass 
storage files, the operator nay log onto the remote computer 
. se\rvice from ^y time-sharing terminal and m^y request .various sum- 
maries of selected data files. The decision to trans ferijarll user 
summary processing to a larger system is prompted by; 1) more effi- 
cient and larger storage faci lities ^ 2) multiple user access to data 
files, and 3) various summary and analysis programs available in higher 
level languages.- 
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Operating Systen] (0*-^*)' Functional Pcscription 

This^' section covers the software implementation of the CATTS data 
collection and feedback functions . CA'ITS requirements are 1) to collect 
data from three sources to provide various real-tiirje, instantaneous 
audio and video forms of feedback during the data collection, and 2) to 
generate a printed form of feedback* at the end of the lesson. 

Tlie operating system developed is required to support those various 
real-time tasks and to fit the PDP'12*s memory and interrupt -handling 
hardware. Specifically, the operating system is a set of 
procedural rules that manage these computer resources, handle program 
^fl^w, increase the adaptability of application progranis by handlino 
standardiz^g input/output functions, and provide program organization 

-4 ' 

guidelines, The CATTS applicatioi^/ programs aJ.so make use of the hard- 
ware I/O features and conform to the procedural rulfes adopted for the 
operating system. \ ^ ^ ' t ' . 

0>S. Resources: Features and Use 

The telet>3)e hardware interfaces, although prbgrairaned somewhat 
differently, haye a standard software interface. The standard console 
teletype and the additional teletype interface, option DPI2-A, are 
interchangeable, as is the command console'. The cominand console is a 
shared device for interactive routines, prograimned control functions, 
andLerror message printin"^. Any of thq four DC02-D 'stiHtions are - '^ 
selectal)le at program run time, and interchangeable from the command 
console. The high-speed paper tape ,unit is interfaced in th^same man- 
ner as a teletype unit,^even though the tape reader reqlii^esja ^'fetch . 



charap^er" initiating .instruct ion. 

The LINCtape and disk have a similar block data transfer structure. 
These units are shared and interchangeable for data and program storage 
functions. 

The UDC8 unit is hardware dedicated to particular CATTS I/O applica^ 
tions. The button box function can have each box individually assigned to 
a different use, sudi as data collection, DITRMA,-^or interactive operator 
control. ' / 

The computer lab data p^el, which includes ''relays , A-D channels, and 
, programmable Schmidtt -triggered clock inputs and, controls is also hardware 
dedicated to individual functions. 

The programmable clock is able to have tasks added to its^ini ag func- 
ti^jitS., Initially, it provides ,5 'eal-timej interval interrupt^ that is shared 
"bperating System routines and application programs, y'^^ / 



^ Individual data bits of the hardware Special Fundfcion register fot 

I ^ ' I ^ ^ . ■ ■ '\ J ' ^ ^ 

program control are re;^d and manipulated -at will for hart^ware/softwat*© ) 
\ - ■ • ' * ♦ ' . A 

programming code efficiencyv * " . 

The software inte^rrupt structure is augmented by an Automatic Priority 

Interrup^ (API) hardware option so that a single-level interrupt feature 

is not us^d. The LIKC modje instruction interrupt trap feature has also 



not been implemented. ^ '\ 

■■■ ' ■ ■ ■ ' / 

The CRT, display scopes are program refreshedb^d refresh routines are 



added by the 0^. as needetf for TTY "pi^inter'* type displays and data col^^ec- 
tipn feedback^isplays, ) 



The left and right console switches and the program control sense ^ 
switches' on tiie programmer's console are used by only one routine at a time 
under operator selection .^^^^^^he.^extemal level sense lines ^are hardwired with 



— / 

. • •■ ■ 

ass- ^ • / .J ^ 

some of the UpC8 module I/O boards. There iare li2 exteig^^al sense lines. 
/ ' Memory is shared according to two methods. One method shares a parti- 

tion of iftemory as though it were a device of its own, and the other method 

/ ^ ' > ■ ' . 

. accepts absolute ^address program loads. j 

MlIlti^^taskj.ng ;a ' ' ^ ' ' . . . 

A task is pne of^the cooperaiting routines that collectively constitute 
a p^o^raiii. Some tasks that handle a particular device take their computer . 
time through the jumper wire assigned to a priority ^interrupt level of the API 
There is no software priority aisignment or arbitration for non-interrupt ' 
tasks because the PDP-12 .does ribt have'the necessary stack instructions for 
code to be shk: acrQs priority leV<?ls. Initiating requests for-thes^ ^ 
"^^non-interrupt tasks are lined up in an AttentioA Stack. The code that con-^ 
tinues to loop at the background , level of the API deletes these request^ to 



;\hBndled in a\^sequential n^^mner. / ^ ^ 

Th^^fore, thtiiu^ the Attention Stack, .^external interrupting events 
initiate bacl<^rot&id tasks that can use shared and re-entrant code. 

A backg'round task can thenvJin turn, initiate an external event which 
may be a"l^^k:-th^ uses anbther/intet^upt''^^^^^^ to initiate output to a . 
printer, to , ini^tiat^ki disk-a^ead>^ or disk write instruction. • 

' ^ . ^ f) ^ ...... • . - 

If there are nb>othfer^tasks which use a sp^||j.fic device, a task^;can 
^se the dedicated device at will. But, if'the device is %Kared, requests 
for it must be ^^acked for sequential hwWling. The Schedule routine per- 
forms \this ^unc?ion and Qan be called onl^from background tasks. An Eject 
function handles thd^i^^stti^n^ request to the next for all device 

handlers. ^ /A ^ 



s ■ 



Generally, there are two methods of inter-task communication. The first, 



from arf external interrupting tvent through the Attention Stack to a background 





task, <5P^^sponds to the input step. .The second, from' a 'hackground task to 

■ ^ ' ' ■ ' 

an ixtemal interrupting event , vjjossibly using the Schedular, corresponds to \ 

the output step. "Ptte buffveiring and compute step"^ general l)f occurs at the • 

\ - ■ ^' - ' ' . ' 

background level whct^? math packages and buffering routines can be shared.. 

■ . -■ ' . 

'Some dev.ice resources are used only by, a part icular "program to execute . > 
a spec^^fic hardware function, ^thers, like keyboard input , ntky have several 
uses, such as being dedicated to a program only^while .that progr'am is core 
resident with that se^cted device^ Other device resources, like ^the disk 
and printers, are shared by several programs that are loided ^imultaneously^^==K 
The general approach to implementing tfee CATTS O^S. is to conceptual ize^^ 

ee Iseparate stej^s of 1) input, 2) compute, and 
3) outj)Ut 'S'ince inputltand ou^ut run at different" ^p^ed?^ ' intermediate " 
buffering is required and grouped with the compute step. ^ 

■ V 

Also, since most CATTS programs use^ore than one device, it is convenient 

>^ - A'- ' ■ ■ ■ ■ ^ . ' ■ 

to separate the use of each devicef^-into a '^e^ar^te routine. Therefore/ e^ch - 



system^equirements as 



app 



lication prograinr^takes the form a set of co-routines , with some 



common 



data areas^ shared- by two or more of the co-routines. 



Examp les : 
■a) 



t 



INRUT 



(initiate 
^ at each 
ch aracterj 



n ECHO TO^ 
PRINTER . 



DISPLAY 



aiARACTER'JUFFER^^ 



"1VRITE TO 
TAPE 



(Passive-- 
on background 
loop) ■' 



(Initiates on . 
buffer full) 



Mention Stack; - ' , 

As the PDP-12 does not have the necessary stack instructions for code to 
be shared across API levels, a combined interrupt and polling, met ho<^ allows 
chilracters from different devices with differeat API priorities to be handled 

by the same program. 

V. 

A small' routine 'that uses only the AC (Accumulator) 'and MQ (Multiplier 

Quotient) central processor registers can be shared because the AC and MQ are 

\ ■ " . - ' « . 

automatically pushed onto a register "Save stack by the APT^when an interrupt 

is serviced. The API jhen vectors machine control to, di<(crete handler code, 

.1 

wh^ch clears and responds to the interrupt. The handler may want to continue 

processing at the ^background level, or it may cause a character to be passed 

^ ■ ' 'I c"^^ 

to the background level. To do either, an item is queued into the Attention 

- v. ■ ' . , '. 

Stack. / . ' . „ ■ ' 

' ^Stack DeSbriptjLpn .^i^ach 'item on the Stack colrsists of two 12-bit. words . 
On^ of the words is^ the 12-bit address of the waiting background routine. The 
thre,e liigher ordered bits of the second word indic^ate the field of thp waiting 
l^ackground routine. The other nine bits are passed to. the wait^^ig. background 
routine and can be the data character read. * If requifed, the indicator of a 
device from which a jphar^cter originated can also be encoded into the 9-bit 

character field. ^ - > ^ , , ' ' ^ 

Input Enable . Each Jiandler has an. input enable, field^r^gister and address, 
register. When input is eriabied, the field and address registers contain the 
15-bit address ojp^he Vai ting background rputiijfe.^ IVhen input is disabled, the 
enable address contains a "^ero. \ 

. -7: * \ , ^ ' ■ ' - 

-Bach handler tan re^d the character, set the field bit^ and load the fi^ld 
into the'MQ. Thehandler then transfers the enable address into the .AC' 
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^ "The routine that places the field and address words onto the S^^tack will 

test. the AC. » If that value is zero, these words will not be placed onto the 

S^tack before the machine is restx)rea to the '*before-interrupt" status. If 

nonzero, these words are- inserted 6.nto the Stack using an auto-index register. 

Interrupts are ten^orarily suspended so that the; two words are not separated 
. ^ * * ■ • * ■- 

by another word pair, since this insert routine is- shared across all API levels'. 

^ The polling is dojie in a background loop (APT level 17g) which^monitors 

the Attention Stack insert pointer. When the Stack D ^jlet p routine detect5 a 

^ stack entry,' it removes that stack item and passes the character field to 
the waiting background task_. \Vhen the task is completed, the p9llin^ monitor 
returns to the Delete routine t?o . look for additional entxies on the Stack 

""The insert, pointer is preset when the stacJ^ deleting process is complete. 

Control is passed'.to the waiting background routines from the Attention 
Stack delete code with a PU^fU instruction. Vr^ last command of all waiting '> 
background routiites is a RESTOR^ instruction which*' returns control, to the V 

' Delete routine .^*Ei^ng routines witl^ a' RF.STORE al lows multiple entry .points 
to that .^routine. Entry at those points can be made as an unconditional traYisfer 
using a JMP instruction, .or as a subroutine call usiife the" PUSHJ ihstfuct^ion . 

; The delete code a task in the" background loop. The other^tasks in the 
loop are normal ^ displays. Waiting background tasks acqui^^^'^machine time i 
o^ly v^en requested through the Attention Stack. ""^^'Z" 

ygchedtnar , . - ' ' , S; ,.- ' . "''■^ : ■ / . 

^Several devices are shared by the application programs; disk, ^tapV, UDCS 

" . ' *" *' . ; ■ ■ » • ^ ' ■, . ■ ' - ■ ^ 

i^nsble prihtet", etc," Requests for. these devices, must be stacked if^a requested 

, , . .. ^ ^\ ' ■ , . • ' ' ■ • * , • • .> 

device' is busy with an earlier request ^ - ^ - 



Requests , Each request for a shared device is made to a routine called 
the Schfedular, and each request has space reserved for the tag to another 
request, should it be needed^ The specific format is: ' 




,TAD DEVICEN 
J>!S SCHEDS 
0 ") Tag area and ^ 

0 ' j R^equest busy flag .... / 

(Request) • , * 

This tag area is also the individaal ^tequest "busv^" flag. A zero value 

. ■ \^ ■ ;;>^;rV- • ' 

.indicates the V'not bus]^, state, _ ' . ^ . 

Device requests are ?|:ac)<ed by putting the address of the requesting 
routine in the busy fla^area'of the previously scheduled request. Thus, the 
request .list has the foiT^at of a- forward- linked list. 

For example, if three requests are 'pending on a particular device, they 
would lo&k like this: \^ ^ , . . ^ 



,• JMS SCHEDS 
R2 

1 0 ■ ■ . 

Rl , (Request) 

■ ! ■ •• 

Field 1 
CIFOO 
JMS SCHEDS- 
R3 

^ j> 1 0 
R«» (Request)' 



GIF 0.0, . . 

J^^s sciiEDS 

2 _ ■ - e 
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Device Control Blocks , Each' shared handler has a Device Control Block 
(DCB), which is a set of parameters that are kept for thie schedulin;^ function 
Each OCR table is linked to the other DCB with the same format employed in 
device requests. Position in this list is optimized with respect to the 
number of times requests will be scheduled. The .trunk list for scheduling 
is this^'DCB list. Because the GETNXT subroutine is used for traversing this 
list, it is delimited by the device--not by. value. Besides its own linking 
elements, each DCB has a list header for that device's request list. 

Besides the linking element, each DCB. is identified b^ a devisee num>fer 
which is item 1 on a DGB table. Item 2^s the list header for that device's 
request list. It is a^lso used for the device busy Value, Items 2, 3, and 
4 are for handler initiation. Item 4 is initially a copy of the address of 
item* 2 and can be manipulated by the. handler or the request. An example of 
a DCB list format is given Delow, ^ V 



(item) V 



3 
4 



DEVICE CONTROL BLOCK 



\ x^code) 
C^Jext- DCB - address] 
(Next DCB field) 

(N) * 



CrP CDF 00 or CDF -00' 
JMP. I; + r orj^SKP 
.2 ^ , . 2 . " 

(Handler) - 



(comments) 



/ . DCB number 

/ Current request address 
/'Current request fieM 



^/ Handled address 



\ Linked-List Format. The particular linked-list fprmat, used in the request 

«- 

lists for each device and in the devicfe list itself, uses two locations imme- 
diately preCedi^J^ the item in order to, point to the next item. The first word 
of these two next pointers is the 12-hit address of the next item on the list. 
Bits six, seven, oand eight of the second location indicate the field of the nexl 
ixem. The last item on a list has a special end-of-list value in its next 
pointers. -^,tc5*«»<^ 

There are several lists which the Schedular does not use, such as the 
background clock job expjpditor list ot the background display loop list. ' 

- - J • • . . , ' . . . : 

Traversing a stream is done with a subroutine calle^^l.GETNXT which moves 
'^its pointer registers from one mode/ on ttie stream to t\te next. It also givers 
a differential exit when the mode is the end of the list. That end of list 
value is the device-not-busy "Value . 

Schedular Operation. ' The Schedule subroutine is call^ with the device^ 
number for each request being scheduled. If the request busy flag is set, 
scheduling ends. ' If not busy, the flag is set to the device-not-bu?y value, 
thus simplifying the Eject function. The selected DCB is located and its busy 
flag-is tested. If busy, this location and the next will point to ther first 
and current item in this device's request list. To add thi^ request to the. 
list, the end of the list is located and its next request pointers are altered 
from the device-not-busy to the l5-bit address of the request to be schedule. 

If the device is not -.current ly busy, this request can be iiranediately 
initiated. The DCB ' s: current request pointers are set to this request ,^1^1 
the handler is initiated by passing cotitrol to the field word of .item 2: 

The .return to the Attention Stack Delete routine is accomplished by a 
.RESTORE instruction. The Schedular is called using the JMS instrufction'witli . 



outine is called wil 



the selected device number in tjie AC. The routine's entry point is in field C 
at location 177g, so iWl^rect ac}di:*essing* is not necessary for the JMS call. 
The Schedule subroutine ends with an eventual RESTORE, and the JMS gives the 
Schedular the '12-bit addre^ of the request. The data field register indicates 
the three field bits of tl^ request . 

Handler and Eject . A handler can treat, a request as parameters to be used 
for transfer pf .ih'fotmation or the handjer will pass control directly to the 
request for execution. Item 3 of a DCB list indicates this. 

, When the request has been completed ^ device handler ^ust be passed 



to t^e next request or be set to the not-bysy. value . ^ The Eject fuwtion 
accomplisties this. This function is called either ^rom the handler or the 

i . .- • > - K 

request at any API level, ^and it cues its. own routine^ onto the Attention Stack. 
The E^ct function is done at the bac%^ound to synchronize with requests and 
to share routines and cpde with the, Schedule function. 

The Eject function is called with the ntimber of the device to^be ejected. { 
The DCB of that device is located and the address of the next reque^^ in line > 
is^obtained from the ''nexV request" pointers ofthe current request. The "next 
reques^t" pointers of the current request (which fwnctipns.-^as the busy flag) 
are' cleared upon completion. Then, the code of ' the? Schedu-le function which ; 
initiates the handjer is used to reset the.DCB*s currentvi;e(|ue5t pointers -and 
to reinitiate the handler. If the current request Is uMf/t^ end-of-list 



marker— i.e., the hand'ler-not-busy value — the handler is not initiated before 
the. ending RESTORE instruction. _ \ ^. .^ ^ 

. The values for the device handler-i^^ot -busy, indicator are: addriess = 2, 
field =»0^. If an interrupt, sends a handler*to that location, the RE^TO^E 



instruction that is permanently stored there will essentially ignore this 
interrupt I 

DCB List Devices , The devices on the DCB list are grouped into three 
areas; the first group consists, of the console and auxiliary (DPI2-A) 
teletypes^ the peripheral I/O expander (BA12) with four ASCII ports (DC02-E), 
and the high-speed paper tape reader and punch. These have enable addresses 

■' ' . ■ r • 

and keyboard handlers fo^ input, and 'DCBs and printer handlers for output. 
The ^enable values are associated with the DCBs, and they are the twp^ loca- 
tions imaediately preceding the linking locations. The enable address is 
the DCB nuii±>er location minus three smd the field bits minus four. 

The second group consist^ of the ma^s storagCi, devices, disk and LINCtape 

units. - j.^^ ■ 7 . ' - • 

V ^ • ' / i " 

The third group i^s the Utilit^Areja which^functions as a memory parti- 

tion device • - - , . . 

. . ' ' / ' ■ 

Device Handlers V ^ 

V - ^ , 

Mass Storage Handlers >^ Sinfee the LINCtape and disk fimctiOTs ifcaveTa 
■ . ■ /- t ■ ■ • , ■• 

similar blocked transfer format, request formats are the same for these two 

devices. The ^LINCtape, unit hfijs a device assignment numb^er 20g and the 
disk, number 30 . The' general request format is listed below*. 



-^,,MASS STORAGE HANDLER 



V -(ITEM) ^ '\ . V . (CODE) 

\ ^ ^ TAP DEVICEN 

* - ^ . ' / JMS SCHEDS ^ 

^ " V O f 0 

4^ ^ 0 

1 0 or 400Q 

-.2 , ^ PARMP 



3 ' ^ Y ...^ ^ctify here^ 



Item 0 is the tag area. Item 1 is the read or write operation indicator. 
Bit zero of this word is cleared to read or set to write. The remaining bits 
of this word must be cleared. Item 2 is a pointer to a talkie that indicates - 
how much information is to be transfered to/from where in memory from/to where 
oOf the device. Th"is tabl^ must be in the same field as the request. 

The disk is divided by DIAL-MS (DEC proj^ram development software) into 
seven logical units, and, that same convention is emploved hy the n.S.-'disk 



handler. So, item 4 for the disk can range from zero to six, for the LINC tape, 
from zero to seven. Item 5 indicates wh;ich program or data block of the 
selected unit is 'to be used in the transfer, and item 6 indicates" the memoi^^'™**=*= 
locations to be used. Transfers must occur on page boundaries, with the page 
number indicating the first page to be us^d. For example, Jlage 41^ is the 
second page of the second field. Item 7 iifdicates the quantity of page5 tb 
be transferred, and thi^ must be greater than zero. The LINCtape is capable 

,of tj^bsfering.only two-page blocks, so item 7 must alwav^be an even num1|fer. 

|But the disk option of tg^^fering half blocks (i.e., single pages) is imple- 



mented by the disk handler, so item 7, number of pages, can he any integer 



number for disk tranfsfers 




The handler firs\t read or write bit from the contents of the ^ 

request address. NextV tlrfP^t^nsfei^ parameter pointer is used to obtain the 
necessary .information! and, afte'^^he. blocks hive been^read or written and 

k Rn - \ . ^- ^ 



checked, the normal exit is*-taken, 

' Control is returned to item 3 through y're* Attention'^Stack from the handler 
when the tr^PJ^fer is complete or the hanUlerlJhaL?^' aborted in an q.ttempt to^ 
. jfansfer..* The^p'is cleared "^f successful or, 'if not, a '2f)0g. character is 



returned from the handler. This request will have already been ejected, 
causing the busy flag to be cleared by the time the notify routine,, item 3, 
takes control. ^ , ^ ) 

Each handler does error checking and reattempts the transfer if possible, - 
The LINCtape handler uses two tests included in the PIP (Peripheral^nterchange 
Program). Each read or write command issued is accompa^ed by a 
maintenance register test to check if the tape is in motion. This test is 
positive when the unit is not thumbwheel (operator) selected, when the remote 
select switch is not set to "on/' or when the write lock is on during an 
attempted write. A background clock job allows the transfer forty seconds 
for con^letion. If it does not complete in that time, the tape unj^t error 
exit is called. - . 

The disk controller gives extensive error information plus an interMpt- 
on transfer problems. Some types of erro#s m£Cy be recovered by ^reinitiating 
the. call, while others are unrecoverable. A tecalibration procedure is used 
after some errors to realign the disk, by moving the head back to the zero posi 
on the cylinder. Retrys are done twice before the a,ttempt status flag is 
cleared andl the disk error indicatpr is returned to the O.S. 1 

Printer Handlers . Device indfepeg^ence is provided by a standard interface 
between the varijods TTY" output handlers and the application routines Jthat 

■ • . . . ■ V. 

request, a printer. Device sharing is accomplished by queuing up those ipplica- 

• ^ ■ ~- t ^ 

tion routines. The standard interface also allows the device to.be s)5lected 
at run^fime, with mn-time linkage between the hantller and the reqtfe^t*^ 

If the applicatioa^program is using a shared printer-, it^.must schedule 
its printiVfg co-routine on thpt device. ^ These {jrin^ng riequest Jiats are 'the 
'^executi-pn** 'type, where each request is *a self-contained executable code, p^is 
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eliminates the need for software to provide for ^a-Wait-For-Buf fer Empty 
function. gacWo-routine does j^subroutine call to the device handler, the 
address of which is available when the co-routine is initiated. 

The handler subroutine will type. the (;haracter i n the AC and returji on 
the character complete interrupt. As .these routines execute^at the API level 
of the selected printer, each application program provides its ''ow^ text and 
number-print J'ng routines. When the co-routine is fi;iished typing, \t calls 
the Eject flection and notifies other waiting co-routines. If the device is 
dedicated, that is. not to be shared by; cooperating routines, then the handler 
subroutine is, similarly called but without the precedi«g,^S^edule and finap 
Eject functions. 

A consoleyevice character-printing buffer and buffer delete code are 
provided. These allow short m^sages to'be printed without waiting for^omple- 
tion t>efore continuing w^^h other input or processing which might also generate 
another short message. ' 

■ f 

Application programs must buffer characters, using the insert pointer ^ ' 
and character counter provided, and call the Deltte routine, which does, its 
jwn scheduling, printing and ejecting. TJie Delete^cdutine is called foi eac^ 
^character that is buffered because the Schedul/ function tests the Delete 
routine \busy flag. ' ' ' 

^ The ring buffer is-.32 words long, and the characters to ^be^inted^tere- 
^ored.i4i'^tripped*6-bit ASCII, Vone per.'half word. The Carriage Retui^l and 
Lin6 Feed'functions .are combined ^as the 36^ character, which is the »'up ^rrow'* . 
ke^.. Si^nce these characters are buffered % the .background API level the 
buffering code' can be .shaded? ' 'V^ , ' ^ ^ 
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Clock Handler , Since-the clock h^s so many programmable options, it has 



two lists or execut^bt^ streams associated with *it • one at the API clock inrerrupt 
level, and the other at the hackg^und level. -/^ ~~ . ^ 



■ 'i 

ith it that 



The clock interrupt level may have several tasks associated w 
can be added and deleted as required, 

The clock task that is initially loaded notifies a background routine 
every 1/10 of a second. This background routine is called the Clock Job Expe- 
diter (CJE) . Other CATTS application programs may request different timing re-^ 
quirements. In order to share the real-time clock, a software incremental timer 
list is implemented. The items on the list have a counter as the first word, 
with executable \:ode following. • 

The Clock Job Expediter tests the first word\ If it is zero,^o action 
is taken and the next request on the, list. is tested. If the counter is nonzero, , 
no furthel" action is taken. If it is zero, control is passed to the code afteV 
the counter in a manner which^l\ows control to return to the CJE at the end of 
that request.* Each counter is tested. every 1/10 of a second. With this, pauses 
of varying lengths, \^or routines which run at a constant frequency, or tii^-out 
timers are implemented. 

Power Fail/Restart Handler. The power fail/^jo^o restart • opt ion allows 

the saving of 'Volatile registers" when the AC ppwer for the PDP-12 system fails. 

'\ 

The API autohjatically saves the main processor register on the stack" so^that the 
only Other regist^'i^r saved- is the stack pointer. On restart, the machine is 
reinitialized, and, process ing is resumed. 'Some locations in the Restart routine 
are reserved for re-epabling the interrupt of other specific devices. 
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4 



UtiUty Area^jWid Console Co(jnnvgnd, Module. ' / , 

A memory liJility Area provi-d'es console k^i^board ^i^teractive^papabi lities 

for^program loading, setup ,/and control/ . ; 1 ' 

• ^ . ^^'^^ - y * ' ' I' 

Since this memory capabi^ty is not required all the time, tttis L^lity 

' ' - ' ■ ' ^ ' ' " ' 

section of memoiy is shared similar to a device; for scheduling of requests, 

execution, and fiUbl eject of various utility routines. ^^^^ 

The request is a one-word ,pararnef€r,> indicating which program storage 
block f|(*om the system unit: i s requirea-'and how many blocks are needed. The 
Utility Area device handler reads the blocks from the disk and passes control 
for execution. If the read is not successful, this request is rejected. 

The LINCtape on unit zero is a copy of the first disk logical unit with 
identical programs located in the same storage blocks. Some parameters of 
the programs are slightly different in order to disting^^ between thdl.^o 
different storage unitsv example, *^e program command that bootstraps 

the DIAL -MS ^ stem on tape uses LINCtape commands to load it from tape. The 
DIAL-MS sys^tl^ on the .tape is an earlier version that can run without the 
disk device, ' > 

There ^re currently two users of ^this Utility Ard^devi<fe, One is the 
Command Modijrie and the other is a utility program, describes in the CATTS 
application program section. 

Programs' that/use this Utility Area usually do not occupy it for ^ • 

dilute, ^hese programs usually run to completion or, as in the 
:ive routines, are ended by the operator when^the requested • 



more than a mlj 
case of interacti 



keyboard information has been entered. 

A Utility Area job mkv have a displa>^ or a clock Job of its own td^ be 



ERIC ' • 



cpnnedlted. Rather than\appenciing and deleting in the. usual manner, the 
tasJr's/^^aS^l^^s is sifbstlttite'd -for tbe first Address in the^\ appropriate device. ,* 
list aftep^-setting the task's next adSresSj^ pointer to the address of the task 
that was previously first. The task is disconnected from the beginning of the 
list by restoring tH^ stream\s first address pointer to its previous value^ 
'which is stored^'in the disconnected task's next address loc^ions. 

The Command Module is initiated by a special test of console input 
characters. If a line feed character is detected, the routine that schedules 
the Command Mddule on the Utility Area device'is notified through the Attention 
Stack. ' , 

r 

When the Command Module is loaded, some pa^^e 0 variables are moved into 
place, and then an interactive prompt of " is printed at the left of the 
page. Next, 'a line of characters is entered, with the first severx^, characters 
being U5ed to construct the command name. 

Programs are added to the O.S, prtgram library by saving the binary version 
on disk unit ten and .backup LINCtape unit zero. The program name assigned for 
Storage in the DIAL-MS index on V^-^^se units has an asterisk character in-^the 
eighth posit ion, with as many blanks j.'^ may he^required after the name. That 
n^me, withQut the asterisk', then becomes a legaL command. 

Vlhen a command is selected, the second block of the associated binary 
fi^le *(the block immediately following the header block) is read into locations 
0 ?400 -0 2777 for execution. 

Console Control Command Module-Interactive 

r ■ — ^ < 

Command Block s^ The Console Interactive routines, along with the commartd 
i%iput l^ine, are left intact in locations 02000 -O 2377 when the command block 
is read. Two rbutines-CDRA and CDRl'-handle the console output by using the 



previously mentioned resident console printerbuffer and delete code. CDBA, 
buffers a* text list of^packed ASCII chjy^pcters delimited by a character, 

all six bits of which are zero. CDBT 'buffers just one character. One routine^ 
CDRD, reads the line of characters from the .console keyboard, using the enable 
address of the console T)evice Control .B lock Thi s routine ^^^^^ each character 
with CDBl and allows rubout key editing. The, input^ 1 ine can; contain bothj^ 
alphabetic an<^ nuhveric data. Two routines, GETD and GFTO^ .convert the numeric 
digits to either decimal or octal nurnbers - of 'un to 24 bits in length. The 
input line which contains the command name may have additional -parameters , 
following it. Hach parameter may also hav^ its own interactive prompt, input, - 
and conversion sequence. Besides these routines, an octal printer for diag- 
nostic error messages is available^ The page zero variables vContain indirect 
addresses for these' routines; selection of device (disk or tape), block number 
of the selected command and conversion variable^ ■ ' 

Since commands occupy the Utility Area and , should not remain resident 
too long, their functions are limited. 'These functions include loading and 
unloading programs from permanent memory space, doing keyboard int.eractive 
setups, or running short ct)ntrol or list' functions that run to completion, ^nd 
do not require permanent memory space. 

' . ■ \ • . ^ ■ - ■' . • " 

*) Memo r y. The resident portion af thjs operating system, which consists of 
device handlers, device-linked^] i sts and code, *and Attention Stack and code, . 
occupies one-eighth o^f available memory" space . The Utility Area' accupies 
another eighth. The balance of memory space is used for programs that need 

% 

to be core resident for relatively long periods of .time, such as display-re- 
freshing, data collection, or long interactivQ routines. Table' 3 outlines* 
the core memory allocation schemes 'for the fJMI^^^stem. Routines loade^d into 



''CATTS MHSIORY ALLOCATION' SCflEMFr 



(FIELD) LOCATION (OCTAR) 



r 



\ 



(0) 


■ 0200 


-- 1777 


(0) 


2000 


- 3777 


|"(0) 


4020 


- 4377 


'(0) 


4400 


- 5577 


(0) 


5600 


- 5777 




6000 


-•6777 








(0) 


7000 


- 7777 








(1) 


0200 


- 7 777 
£.111 


(1) 


3000 


- 3377 










3400 


- 3577 


(1) 


'3600 


- 3777 








(1) 


4000 


- 4777 


(I) 


•500D' 


- 5777 


(1) 


6020 


- 6377 


(1) 


6400 


7377 


(1) 


.7400 


- 7777 



_ XGUPANT 
Resident O.S. • < ' • 
Utility Area 

(AvailableX ■ 
CRT Display Routine 
(Available) ^ 
(Available) , 

Data Transmission RoutiTie (TMITAUX-) 

* 

C4JTS Application /Routines 

CATTS Application Routines w/Control 
Codes ' ' f ■ * 

■ ' : ' 

Telephone Datj^'^nput Routing 
(Available) • 

* 

niTRK^A Rautine 

CRT OispI%y Routine ' *^ > * 

Utility Location Display Routine ^ 
•(Available) 

DATAMYTE Data Input Routine 



Table 3. CATTS Memory Allocation Scheme . . 



this permanent memory could be used by two programs simultaneously, but these -A 
shared routines must never be required at the same time. An example of this 
incompatabi Jity would be the use of video display routines, because both re- 
.questing programs would use the same Cpt device and thus coiild not be scheduled 
to be used at the same time. 

A bit map in the resident section of the O.S. specifies whether a section- 
of memory is occupied or not. This bit map uses one word per IK LINC segment,' 
three l)its per 256-word block, and two bits per page.' Table 4 illustrates the 
bit map scheme for core memory allocation by the 0;S. Subpage fragmentation 
is not used. A check of unique locations in the bit map indicates which pro- 
gram currently occupies a specific section of memory. 

Page zero is directly addressable from all other pages. To make page 
zero locations available to more than one program, locations are allocated 32 
'per LINC segment, four per page, in direct correlation to the page number. 
LINC mode index registers are shared equally by all occupants of the memory 

r J 

segment. Most program uses of these registers, like displays or output buff- 
ering, are at the background level. 

Loaders • Each program that occupies a permanent memory area has, a uniquely 
coded loader as its command block. This style of program loading aljows 
sections of the total CATTS program mix to be developed independently of other 
sections by prescribing independent interfaces to the other sections and the 
O.S. Some of these connections are made at. assembly time by adding' symbols 
that link to other routines or to^the O.S. as direct assignments. Some of the 
routines are linked to the O.S. W ^^e loader. Some shared device handlers 



like the disk and printer are linked to user routines at run time. ^The indi- 
vidual functions of the leader are written in macroform so that the loader is 



9? 



12-Bit Word 
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MEMORY BIT MAP 



CODE 
MEMMAP, 3333 
3333 

0000 
0000 



INDICATED LOCATIONS 
0-0000 to 0-1777 
0-2000 to 0-3777 
0-4000 to 0-5777 
0-6000 to 0-7777 .. 



0000. 
0000 
0000 
0000 



1-0000 to 1-1777 

1-2000 to 1-3777 

1-4000 to 1-5777 

1-6000 to 1-7777 



Pages 


1 1 
0 \ 


• I T 

2 3 


1 r 
4 5 


1 f 

6 7 


LINC Segment 


1 - 


. 2. 


3 


4 



Table .4. Memory Bit Map Scheme 



coded as a functiol' of the resources used by each program. 

' 'The are^ if* ti^^ry niust be available, so the appropriate bits of the 
meinory\455P^ tabl^ a^^ C^^cy^ed before ' loading. The code to add a display or 
clock jpb task the as the append code of the Schedule subroutine. 

Since the streajn-ii^Vi^g format is different' for displays, the code to append 
a display is slightly different, but the steps are the same. If a new interrupt 
device handler is ^^^e interrupt vector .address for this device is 

.altered to pass Cpfit^.^^ to this new, routine when the new device causes an 
interrupt . The <3eVice ina/ have to be enabled and re enabled on power fail/ 
rjBStart, with soin^ J^c^^ioHS in the Restart routine reserved for that purpose. 
If this new devi^^e is sparable, its Device Control Block is appended to the 
DCB list. When a /C^s)c is added to the programmable clock API level, special 
list rules are K^pt \o keep the number of instructions to a minimum. Tasks 



can als\i be. added t^^ power Fail and Restart' routines , but the standard 
stream foVmat i$ nO^ o^^Zetyed, Inputs to waiting programs are enabled by 
storing the waiting w^'tine's field and addresjg in the input enable locations 
of the selected inp^t ^^vice . Some special-functions, such as testing the 
availability of a d^vi^^ that will be used by the program, may be required. 
Also, before the l^^t ^tepj program parameters are set which must eject , the - 
Utility Area. G^n^^^lly, any program function w^iich:is not required to be 
with the permanentlX f^sident code takes its space in the shared loader area. , 

To unload ^ ^r^gr^ means simply to reverse the effects of loading. 
The proper progr^jn ^^"^ he already loaded; This can be checked by testing 
its unique values in ^Ji^ Memory Bit Map. To make that area of memory available, 
appropriate bits Ih^ Memory Map must be clear To disconnect a clock . 
job or display tasK> t'^at position is deleted e stream. This is 



acconplished by finding the task that points to it, and then changing 
that task pointers to the values in the next tasks pointers. 

.Device handlers are disconnected by restoring the interrupt vector values 
DCB's can be deleted similarly to clock jobs and displays. The device intern^ 
rupts must be subsequently ignored, either by disabling, or clearing and re- 
'storing machine status. Any power fail/restart steps must be deleted also. 
Inputs are disabled as well, and, since there is slight chance that a charac- 
ter could already be on the Attention Stack, putting a RESTORE instruction at 
the b^-ginning of^ the waiting routine is sometimes done. Also, shared devices 
that were set busy to dedicate them to the program to be unloaded^must be 
set to the not-busy value. Particularly, printer subroutines must have their 
return field and address set to the not-busy values.. 

Displays . The displays are program refreshed.. Computer time for this 

fry 

function is allocated as a part of the bottom background level of the API. 
The other part of this loop is the Attention Stack delete task. Tasks can 
be added and deleted from this loop, but the foimat for linking these tasks ' . 
is slightly different.- The field of the next task is the starting address 
''minus three^and the address of the next task is the starting address minus one. 

T^ie instruction "JMP I . + r* is assembled in the starting alidress minus two 

«■ - , ' 

so that each task can pass control to the next by jumping through the next 

task pointer which looks like this: 

GIF CDF (next field) 

JMP I .+1 

' (next address) 

(this address) , (display something) 
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There are several types of displays. The CRT hardware will display a 
dot or 4 two-byrsix half-character pattern^ These are used to display a 
character buffer similar tp a^terminal C^T ''printer," a real-time monitoring 



f^i^lays us 



display like the location displaypr, or various CATTS feedback 
graphs . 

There can be only, one or two cUi^lays used simultaneously , since the 
scope has two channels and refresh time is fimited. Each display uses special 
character display pattern tables or a subset of the full 64-character set 

display pattern found in^the PDP-12 system reference manual. 

■ ' '■ ^ . ' ^' 

Program development * ^ * 

This data collectioxi O.S. and the CATTS appiication programs were developed 
using the DIAL-MS operating system supplied with the PDP-12 computer hardware. 
For command bloc|i;^^<ra'aing, the first assigned location in a program or loader 
block located in FIELD 0 is ♦2400g. Locations below are used by th^ CATTS 
resident O.S. Field zero^ page zero locations are available but must, be 
assigned symbolic naipes using the direat assignment statement (TAG=100) rather 
than the first symbol of a statement followed by a comma at the page zero 
location (*100; TAG, 0 ). Any page zero constants or indirect addresses ipust . ^ 
he deliberately moved to their assigned locations. ' ' 
. \ Rather than use the SAVSYM, LODSYM pseudo-operations of the DIAL-MS 
assemblex, symbols from Jbe operating system and other programs must be ob- 
tained from their assembly listings "and tfdded to a program as direct assignments. 

For overlays , the assembler has a FIELD pseudo-operator which allowis 
the programmer to select memory stacks. This can be used tc assemble two 

routines in the same absolute 12-bit address. Routines can ^e assembled on 

* ... 

/age boundaries in other areas of memory to be overlayed int. r,he same* area, 




but special attention rmrt be given to cross-page references with indirect 
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addresses* These requir^ the appropriate arithmetic adjustment. 

The PDP-12 has a. complete programmer console with extensive debugging 
features. To augment these( features, a location displayer is added with 
the resident O.S. This routine displays a group of location ^addresses and 
cohtent^^om either liemory field and can be used to alter #ie cc^tents of a 
selected memory location . ^ ^ . \ , 

The^ocati\>n displayer uses the programmer console left switches to 



select an address in one of the 4*? stacks of memory. The rightl switches are 
used to specify a value that examines or fills a location. Senie switch 
three enables the display. Sense ^witch^four adds th^e location ^elected in 
the left switches to a table of up to sixteen locations, if that location is 
npt already present in the table. Sense snitch five deletes that \location 
specified by the left switches from the tab^e. Sense switcfi two. selects 
field zero or one for the location table. To fill the location selected with 
the left switches and sense switch two wfth the value of the ^ia':t switches, 
y^^both the fourth and fifth sense switches are set. 

The display is located in the upper right-hand comer :: ::iannel one. 

♦ ^ . ■ ♦ ■ 

First displayed is the location' selected in the left swirch'.^-s, and then the 

contents are displayed as four octal digits each. Any Ioc£^ Mcrs inserted into 

the location table are displayed in columns underneath. ^ • ^ 

To save all of memory, a tape dump procedure uses trie programmer vconsol*^ 

"DO*' switch' memcr- :ortrol LIF, JMP, and LDF instructions; and he LTNCtape 

group wrttJ WCG} inf tructidn.. The 0.^. utility "TDUMP'* corr :nen diump , 

the 'ccrtert of tr^ •e:,Qcted blocks of tape into the LA 30 -^r^ In de-^ 

biigginu, sr rra tal locations assist in indicating v -de is being 

processed .:ni: x ^ , *f 



— ^ CATTS application programs are grouped according to function. The 
dara collectiW group accepts oata and constructs a standard '^dat a file. 

"Die ^^^feedback group u^es a standard interface" "to the data ^oUe^ction file. 
The DITRMA .group combines some data collection and feedback functions. 
The data'-likK group uses the standard data file to help produce hardcopy 
feedback."; The operator control; group selects progrtfms and parameters. 

Each program is further subdiyid^fSinto routines. These routines.^' * 

• » .; . i . ' ' 

and the pro gramsH hem selves communicate through common data areas, such 

as the data" collection intermediate file buffer'block, display buffers, 

\. ' . ■ 

the Box Table Array, and other special-purpose mailbox locations. 

CATTS Data Collection 

Data is collected from a number of different sources h it^ 

own special features. The final product of a d^ta colic jn f r^n 

f aese sources is a standard data file on mass ;._-_ning the 

. ;:oded during that observation session , together wi ^sc, :...? -d intj^rv 

r: . To simplify the dajly scheduling of the data c: . cc. ^ -.or , , 

:)0x is independent of the others with respect to ^rvatic ^dir 

?ms being used and the time that data collection : .itiatt 

*hese different sources, henceforth referred to joxes, e ab^j 



J iL. dif ferent coding systems simulta^ously. 

iti ow 



ica Structures . Each box has its ovn\ set of variables.- T iese set: 
of var: abies form a two-dimensional array; box nulnber by^variablri number 

The. cou'vJ^is therefore re-entrant on each character input and shared by al 

> ■ - 

J* 

che bo: es. , • 



The box variable set follows: ^ 
a) STATUS ' ^ y ' ■ 

- b) INTERVAL TIffER . ' . 

" c) END-OF-SESSK)N TIMER ' ' . ■' 

d) END-OF-SESSION RESET VALUE ! \ , 

e) DATA DIGIT BUFFER .(LOW) ""1^ 

f) DATA DIGFT BUFFER (IlfGH) 

g) M.AXI^1\\ ' . 

h) sort:? ^ 

i) SORTB ^ 

Each observation data code - - up 

-ecimal digits. The series i:: .orec in tic -T"^ ^ ™ vltV the -iir:: 

. * ^ * 

the numiDer of digits as the east i^nifi ^"^f th- TU.*- word, 

editing ('*SKIP or CLEAR*') ke^' or t e codLnr a^.ows th to clear 

:T:d then re-enter the entire se'ries. The ''EFTE^ delimit^' series. 

The digit series is then 'packed" accord: e the S!A.XI - T\axiinum digit 
fntry for each observation^ system) intc ope rord.. -bit data' 

•w/brd Kas three 4-bit fields. Observation systrins can have up po three levels 
^ach level being a specific or subdivided are: of observation interest. Each 
fevel can have up to 16 categories' desdribing eacn area. Eachjlevel can. 



therefore, use one or two digits to fill its c m v spondfrj^ ^^^^ in tl i2-b: 
word. The MAXIMA category for each level specifies whether one or two digits 
will be used. If the MAXIMA category is 10 oKj'greatj^r, a leading zero must 
be.^sed in all but the 'final level. There are three tests which verify each 
code. If any level exceeds its MAXIMA, or there were no digits or too many 
digits entered, this code is ignored and a messag^^i indicating thisT condition 



is sprinted on the operator's console. ^ 

The interval' time since the last ENTER key is recorded to the data and ' 
reset to zero. The data seX\ consisting of box number, time^ and* 'packed data 
c6dk^ is stored in a memory buffer'. KTien this buffer is f\ill, it is. vritten/ 
to an interne rolling mass stor j;^^ scratch-pad fil-, blocks 1-100^, *on 

st9rage uni- Vi ,e th? data hw'^'r is befng written., any new data, sets 

i " ^ ' ' ' ' . 

are scored ir a: - • - ow buffeV. -r- the buffer writ e is complete^ this 

- < • ■ \" 

ov^lrflow buffe is : -..ed to the.be:. :—.ng of the inieraor data buffer. - - ^ 

^The data )m -2: i box .'is mixs^ m the data firom other boxes" tha€, 

are simultanec. y col.ecting at thr. - ine.. The be^nr.r ng of each box's 
session is ma- in rr.is itfterraediri- jffer by STjeci.il re^rved data'^code. 

, If the (W)— :er is present to -r- ^ the cpder cf me end of the session 
and to auto . caily end the session — HND-OF-SESSIO^ ViNteR is set to the 
END-QF-SfiS: RESET ^AcLUE before tr- servation session begins. ^Wile the * 
box is colie-i:ng dati this END-OP- lES ;(0N TIMER is increme^ed once each 
second.* When it reacnes zero, the box 3 sessiqn is automatically eroded". The 
coder also has the option ^^ending the session earlier with the button box. 

The same reserved code used to mar)c^ the beginning of th^session is used 
again to mark the end o|f the session within the intermediate Vlata storage 
buffer. The location in the intermediate- file buffer of this, end mark' is 
stored in SORTP and tk^' intermediate file block number in SORTB. ' A Sort 
routine 4s then scheduled on the Utility, Area clevide.^' This routine scans -the 
Box Jable, or box variable list, looking for nonzero SORTP^s. Wieh one is 



found, the interme<^iate file is scalfSned from that point' backwards for that 
box's corresponding/ data sets. Total time and number of data points are, 
accumulated on this pass. When the beginning af' session mark code is encountered. 



the direction is changed. --On the forward pass, the data set's are used to* 

^ ^ " ' ^ ' 

construct the finai^ individual data 'file which, is stored in the next available 

block(s) on file ^storage unit 6. The block number that an individual box' s 

data file starts on is used to identify that file and is called the Starting 

Block Niimbe^r (SBNO . When a data storage unit is full, it is copied to LINC- . - 

tape iftnd reinitialized to the begin)ti1|^ of the file. Thus, the tape number 

and the" SEN will uniquely identify a ..file and {)oiTtt to its location. 

There is an elaborate backup system in case l^e disk should fail during 

data collection. The intermediate arj^ final file storage^units are auto- 

matically switched to LINCtape. boxes that were collecting at the time 

of the failure "^e sorted up to t^e f^ailure block only..' . ' .j 

■ - t- ' . 

Then, when thj» disk is repaired, th^.iwst of the sort can be completed 
* • \ - 

^d the two partially ^rted files can be combined to make one complete' file.*. 

Roi^tines . The computer interface for the button boxes and' the TCXJCH- 

TONE telephone is the UDC8 I/O subsystem. The input functions for- this unit 

reside in two UDC8 modules. The contact interrupt module accepts ^one bit per - ^• 

box to -indicate when and. where the data is present and the- contact sense module 

senses four bits per box to rWd the d^ta. A device handler responds to the interruj 

caused by- any change of state on the contact interrupt module". This change-of -^tate 

^ bit indica>fts whTch contact sense card i^ to be read and which 4-bit area of 

the. word contains the incoming' data. This data is shifted to the lower four 

bits of an 8-bit character. Each box has an enable address similar to TTY 

input. and the box number is combined with the field bits of the waiting routine 

to form one worcl. The second word is the address of the waiting routine. 

These^enable addresses form the UDC8^Enable^Table^ The box number and fieli 

of the waiting background ilj^ut routine are added to the 4 -bit ^character . 
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This word and the address word of the waiting routine, if any, are queued to 
the Attention Stack,, an'd then another bit test is made-tp detect any additional 
incoming characters. If none are detected, the machrne is restored ^to, its 
interrupted state and^ processing is resumed. 

The functional unit of the UDC8 for output it(introl to the button boxes 
and telephone"*! is an output driver card, primarily an on/off series of 

switches, three bits per box. These output bits drive *three lights on each • 

- ^ • r > 

box or answer back tones in the 403 Data Sets, for the TOUCH-TONE telephcme 

input. Each card also has its current status stored in memory. When a light 
is to change values on a .box, the .^appropriate bits are changed in the appro- 
priate STATUS word, and that word is. reloaded' into the driver card buffer.^ 
Routines are provide^ -to turn all the lights on or off, or the middle light 

on for each individual box. One qther routine, - which works in conjunction 

^ ' . 'i 

with the DigitTBuffering routine, 'turns a light out when a coding level, ^one 

or two digits, IS entered. 7* 

/I. - ^ ^ 

The background jclock 30b runs once a secow' (1 ) and has three func- 
tions./ The first clock function is the INTERVAL and END-OF-SESSION' TIFTFR incre- 
menting for each boxf. One bit of the STATUS wor^ for. each' box is an up/down 
^ indicator. If the box is up, the INTERVAL value ancTthe HNp-OF-^ESSn)>N value 



are. inpremeated 



^5 

If down, neither of these values are changed, ^ 



The second function is to sample the box- switches. Each box has a^ switch 
that is connected to an external sense line of the LINC portion of the pro- 
cessdr. When k switch position is different from the value found 'the previous 
time, the 4-bit value indicating its present position is combined with the 



Jues^ in theUDGS Fnable Table for that box, and they are queued to the Attention 
ck ds irt input chlracter^ The previous value of>4:hat switch is updated and 
the rest of the switches are .tested. ' ' \ 



•10;.',.,.; 



< ' - . - ■ ' 

' Tlffe thira function keeps the current time in minutes plus a text * character 
String of the current hour and'^.minute-, updated every minute. » 

■ ' ^ . - ' . ~ ■ ^ - •. 

Wflen the input character^ come-to the waiting CATTS input 'routine, the-. ' 

r < / ' - . ' - . 

box and data^ are separated by a s^ibroutiiie. This routine also transla^tes 

' ' . ' . ' ' \ \ 

the data into a 7-bit^ ASCII character. The digits are translated to the ASCIIs 

* - * ■ . i 

digits'-C 060- QJl), the CLEAR key to an asterisk character C 052) ''and , the 
ENTER key to the carriage return character C 015).. fta addition, the characters 
from the Clock >job routine which ^mchitors the switches, on tl\e boxes are trans- 
lated to a comma C.054J^for an '^on" character or a, space ^^052) for the 'Wf" 
func-tion. There isValso a subroutine which 'Ogives differencial exit^ if the 
character is a CLEAR key, an ENTER >key, pr a digit. 

Printer output uses the console printer buffer and delete code provide^ • 
in the resident system" area. A single',^character print routine buffers the 
character in the AC, using the, input pointer and character count in the resident 
system area.' .A text buffering routine', which is called with^the address of 
the text string in th^ routine call plus one, uses the iingle character print 
routine. A zero chaifacter delimits the text string. All messages, pr4.nted .are ' 
abbreviated to lessen the possibility of print buffer overl'ap^ A xputine 
^that prints thfi octal value in the AC ^nd one that print^jj^he box number are ^ 
also available. ^ ^ * ' 

The'^Box Table Array has two subroutines to GET and PUT valu^. One. 
subscript, the box numbej, is used to index to that bote's set^ of variables. ^ 
The other is located in the next location of the call .to the ^GET'^r PUT fundtion 
subroutines. The values are passed to or ^om the Array Table through thef AC- 
\ Input Routines . Each qf the three po^sibl^ sources of data button- box, 
TOUCH-TONE Telephone, and DATAMYTE has its own input roytinp.' All,button 

y 



boxes. input their character?, to the^same routine, and all TOUCH-TONE Telephone 
input is handled Joy bne rnput routine. Thes^, input routines implement the 
, varioits special requireijgents of^the input device. The Button- box input routine 

has^ the common functiofts for each character organized at the end of processing 
, of that character. Thus, this code can be shaded by other input routines.by 

, using jmi It iple, entry points intb *he Button Box Input routine. . ' 

* - ■ . 4 » . . " " - 

^ ' A different coding prpcediure, implementing control codes, is al^b imple- 

mented as. a separate* input routine for button box.ddta. 



- Soipe functions that are common to more than one input routine can not be 
placed after t;he uniqute functions of the Button ''Box Input routine and, thus^, 
bijcome subroutines'^ " 

Thi three jources of data employ the same -button pad configuration for 



data ^ntry, and , they lise .10 numerical digrits, together with^ a CLEAR and ENTER 
key. The beginning §f a session is marked" for e^ch input source by turning 
on the switch of the button box, placing the c^ll with the^j. TOUCH-TONE Telephone, 
or tuning on the power of the DATAMYTE clipboard but tcypf |fad. Switching off 
or, hanging up, the power or telephone i^ used to end co^fec<ion session. 

Button Box Input s To begin a session, the cotter, switches the box "on." 
This is not a power switch, but a status line moni^red. by the computer. This 



switch, plus a special code, control two bits ^^ach Jjox's STATES word in the 

Box Table Array. One bit is the ON/OFF stktus of the box and the other is 

, . thenjP/DOWN value. The ON/OFP bit' is set at the b^eginning of the session apd 
*f ■ - , * 

cleared'at the end. The UP/DOWN bit implements a "Pause" function when the 

automatic END-OF^SESSlON TIMER and the INTERVAL since the previous code do not 

increment as they do in real-time. Both bits are set when the switch is 

\ 

initially turned on. Thereafter, the UP/DOWN bit follows the status of the 
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switch, data is collected when the switch is on. With the switch off and 
the UP bit cleared, data is saved only to be tested for the special end-of- 
session code of three consecutive nines; 9-9-9-ENTER, If the *'on" bi^ has 
beeh set ^earlier, this session's "data is then saved as a file on permanent 
storage, ' . 

All three status box lights come on when the switch is turned on. ^s 
the digits are entered, each lij^ht will be turned off in sequence from left 
to right, in order to indicate when the digits for any one coding level have 
been received. All lights are turned off with the ENTER key. If a pack test' 
on the data is positive, all lights are turned on. Otherwise", they are turned 
back on when, the ENTER key is released. These light signals indicate to the 
coder incorrect codes or computer malfunctions. Thp middle light only is turned 
on when the switch is off for the Pause function, and all lights are turned 
off at the end-of -session code. Figure 17 diagrams the Button Box Input routine. 

Button Box Input: Control Code Version . Various button box features have 
been added for more flexibility and different kinds of data collection information. 

A special set of codes was reserved for control functions. This set of 
codes consists of the codes, 0000 - 0099. The first two digits are zeros 
and the last two are the same digit. « . 

Also, the ability to enter identif icatign data is provided^. Instead of 
packing the digits into three 4-bit fields, a simple decimal-to-binary conver- 
sion is done, This-feature is tied to the IfP/DOWN bit of the STATUS word. 
It can also be used during the session to code information not included in the 
category system being used. When the button box is first turned on, the ON/ 
OFF bit is set, but the UP/DOWN bit remains ^lear, and only the middle light 

!^ • ■ 
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Figure 17a. Button Box Input routine-Part 1, 
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Figure 17b. Button Box Input routine-Part 2. 
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is turned on. D^^^ is collected' this time, but the O.S. uses the Decimal 
Conversion routiri^ j-^ther than the normal pack roujtine. The coder uses the 
spe^cial control C^^e ^ero- Zero-one-one-ENTER (0011) to in4icate the beginning 
of category da^a, l^^n'all identification i- ormation has been entered, all 
the lights are tu^e^ on, the UP hit is set d the control' code mark is 
recorded in th© d^ta ' 'The data collection - ion is identical to the 
Button Box Input ^K^n^ine previously descri^ " * 

The control ^Cid^ zero-zero-eight-eip) (0088) switches the UP/ 

DOWN bit back Off (^^^ly the middle light r on) and^ records its control 

code mark. .Ag^in^ d^ta will not be packed aal but will be converted to 

* < -- ■' 

12-bit bii;iar/ n^b^^. - These control ^^odes car be used alternately throughout 

i' ' 

a data collection ^e^^ion. 

The E nd-Of-D^la is coded as zero-zero-nine-nine-ENTER (0099), which 

performs the s^^e c>p^>:^ation a5 the zero-zero-eight-eight-ENTER (0088) ^control 
ctfde, but recot'^s it^ own control code mark. 

Switching h<^^ off is the final operation a coder performs to end a 
session. The Ohj/OI^p ^xt is cleared, all lights are turned off, and the data 
is stored as a pe^af^^^it file/ Figure 18 diagrams the CATTS button box input 
with control cO<ie^ a^^^^d- 

Dne subroUtifi^ i^f)iement5 both the control codes and the decimal conversion 
It provides thr^e ^i^^er^nt exits on certain conditions after performing status 
tests and const ^^u^^'^ir^S a data word. The first exit is selected if the buffered 



characters rSr th^ s^^^cted box fit the control code criterion of four digits; 
the first two ^^r^>^, ^nd the last two identifical numerical digits. Also, 
^ the storage contr^^l c;Ode niark for each control code is returned as data. T\\e 
second exit is ^^Ij^ct^d if the UP/DOlVN bit set indicates a regular pack to be 

113- ' ■ 
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FigureUs. Button Box Input routine with control codes. 
^ * 



used,. and a pack test is positive. The last exit is selected with the buffered 
digits already converted, either by the Pack subroutine if the UP/DOWN bit is 
set with no tests positive, or by a Decimal -To-B inary Conversion routine if 
the hit ^ clear. The End-Of-Data mark' is not legal data xd , and is changed 
to zero. * ♦ - , • 

The control codes art stored in the data file as regular data* sets of ^ ^ 
box, time, interval , and data code. Th^ data code has levels one and two set 
to 15g; bits zero through seven-^are all on. Level three contains the digit ' 
used in control code. The reserved data cod^ to mark the- beginning and 
ehd of data 'has all three levels set to 15^; bits zero through eleven are all 
ones. ' \ ' / 

' Telephone Input . The T^lephon'ie Input routine has its, own character con- 
version because the data set uses unique data bit patterns. The order of the 
^nput lines are changed to avoid duplication of bit patterns with the call 
and hang-up characters The call and hang-up characters are provided from * 
the external level monitor of the CATTS clock job. Character input is very 
similar to button box input with control codes. Lights are not used but 
instead, the light driver bits control the tc nhone. answer-back tones. ox. 
tones can be heard by^he observer .over the telephone handset 'whenever a 
control code is -entered. A clock jot will turn the tone off after one second. 



The End-Of-Session Reset Value (R^EOS) of tHe'Box Table Array is the tone 'on' 
indicator for the telephone input ports. ^ Figure 19. diagrams the TOUCH-TONE 
Telephone Input routine. 

IDATAMYTE . • 

\ ' . . K 

I • 

Input , The DATAMYTE is an off-line data collection device. Real-time 



:oirecTton functions are provided by four, dibits recorded- when the ENTER 
.3 depressed. Vlhen the tape is played back, these digits are preceded 
by a comma and a space; thus, a flag switch is kept to indicate if a digit., 
is a data code dr a timer digit. The data codes^ are buffered in the 'Box Table! 
Array, aod t'he time digits slt^ converted vith the D ecimetl -jo-P inarv Cpnversion 
routine. This 12-bit timer value minus the last IZ-^^it timer value calculates 
the tim^ interval since the entry of the last data dode. 

"h( On function of storing the reserved data code tr ^ )e!7inr 
i*: performed when the program is initial Jy ^load^ -:nc 
:oi js a permanent data file, is performed when ^ 

^rol code is detected. The End-Of-Data rer^ 

i> ,-4. 

e or of a session serves as the beginning of data 01 tr nex :n 

data. 

DATAMYTE data is listed on a teletype as it is played back through the 
coupler. The Print routine buffers one character at a tine into our- 
character ring buffer and schedules the Delete routine. ny cc ir ^crz 
printed next to the offending data code on the selected -:rinte:. . 

"Two couplers are used to play back the data tapes. One i: a sip^u bo: 
number 13, and the other, 14. The character received .from the coupler is seven 
bits with odd parity and does not have the bojf number associated with it. 
Because the local variables and switches are not aya:^ia'ble in the BoX Table 
Array, and t>ecause of the printer requirements, each coupler has its -own input 
routine and printer handler. Figure 20 diagrams the DATAMYTE I nput routincf'. 
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variables are :ioved In riosition. A ae ice handl r UDCS interrupts is 
connected I D ti e int :Trt vector, ensbl ;d, and ther e P-ower Fail/Restart 
routine is enab .d. The Memory Map bits are set to busy when the loader has 
executed successfully* ' 

N^xt, an interactive routine is called to set the current date and- time, 
fhe lower five bits of the current 'date word are the day, the next four are 
the month, and the highest three are the current year minus seventy-five. 
The time word is set from a 24-hour clock and contains the iiumber of minutes 
since jnidnight. • . ^ 

Once the bijtton box data collection program is loaded, the Setup routine 
is initiated. - ' 

The *Intercctive Setup roittine queries the operator for the parameters 
and box number: to be psed^. The first parameters requested a^i the maximum 



\ 



category numbers for oach level of the codiflg system to,be,,used. This maximum 
packing* parameter tests incoming data co that the reserved end data code is 
not mi'staken for' a legal code*^ i The: other requested parameter is the End-Of- 
Session (EOS) value.' It'is watered in minutes and 'converted to ^seconds , 
the automat i£al ly » tlme<J s^siort optipji p.s not selected by tl^ operator, a 
zero Value is eijtercd. \\^; . • . . . ^ . - " 

f When the numbers of the boxes t^t ^ire to lise these pjarameters .are entered, 
they must hfi within the range of' one through 12 inclusive. If the number is 



within the range, it^ Box^ Table Array values of .MAXIMA and /ftEEOS are set t£ 
previously entered values. The UDC8 input enable table addresses for each 
selected box are set to the address and field ot the waiting' input routine, 
and the box number is encoded with tH,e field bits. Since other boxes may ^ 



ha,ve different parameters, the requ^it for MAXIMA is reitei'ated. If there/ 
is no additional input before the end-of-input character is ^entered, the setup 
is complete and the Utility Area is ejected. 

Button Box Inpu0with Control Code^ Loader . ''CATTS2** is the comniand to 

load and setup trhe control code version of tne button box input program. Like 

' it ' 

the earlier version, this loader block is separately read and executed if the ' 
Memory Map indicates its area is clear. The TipjCH-TONE telephone, dATAMYTE 
and DITRMA programs use this version. 

The loader block first tests if the earlier CATTS button box version is 

/ ' ' ' ( 

loaded. If not, the CATTS2 loader block is read and e^cecuted, ^ Iij addition, 

the new input routine and the Control Code Test subroutine are Yead and the 

Memory Map is updated to show that these routines are core resident, i 

The Interactive Setup routines for the two versions of button l)ox input 

are precisely the sjimevexcept for a different input routine enable address. 



and a prompt-which* identifies this as the* control code version.. Also*, the 
•MAXIMA Prompt routine ij? not reiterated, after the , box numbers are' entered . 

TOUCHrJONE telephone Loader , The ^'BllONR'^ command loads the Telephone\ . , 
tnput roytine; The loader tests if "the control code version is cor^ resid^^.; . 
If i,t is hot, th^ PHONE loader block is read and exeputedj. If. the PHONE ^ 
^ nput^routi^e is not\^ident, that progranv^s r'ead '^nd moved into place, the 
C lock Job routine^ is conn^scted , ^nd jfctie Memory Map bit for the area of memory 
is set . . , ^ ' \ ^ ' . 

Since the telephone clock^job assigns a special use of the REEOS variables 
of boxes 10, 11, and 12,' these boxes are not used for )]lutton box data collec- 
tion when the phone inputs are being used. So, the .first function the setup 
performs is to clear these boxes^ enable addresses in the UDC8 enable table, 
and then the REEOS and p.Q^ variables in the BoxJTable Array. The maximums 
are asked for and the box lumber entered/mii^^be 10, 1\1,^ot 12. If no digits 
are entered for the maximum variables, the setup is aborted and the Utility 

Area is ejected . ' ■ . 

DATAMYTE Loader. Since there are" two input programs for both DATAMYTE 
couplers, there are two commands, ''DMl'' and ''DM2'\ The differences between 

them are assumed input devices, memory resident arehs, and Memory Map bits, 

/ - 

page zero variables, and box numbers. The loader first tests if the DATAMYTE 
routine is already loaded. If^it^is, the Setup routine is immediately initiate4 
I-:^ not. the code is read and moved into positioh, input is enabled, and the 
corresponding Memory Map bit is set. ^ \ , 

The Interactive Setup asks for the maximums. A constant box number of 
Al^ox^M is assigned.. The initial (o" jode, which marks the beginning of 
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.the data session, As stored. • 



^ Other ftfnctions' are provided for 'the operator by entering certain letters 

in response to the maximum^s prompt ^ The operator^ Can insert ^ control "^code 

> ^. • . " *i ■ r •♦■>%&.•■',■ A -.^^^ ' 

ifito the data fi}e while the, tape* is 'Jtfahsttrttting data >by -^Oritering^ a*"C"^- 
followec^y, one digft of the reqiiiriedxpntrpl code%.. Previous data'ctm be • 
ignored so thet* a tape can be rfjst)irted by entering an "S."/ The output .device/ 

■ / • " 1 ' - , ' * • ■ • ' [ \ 

. is selected by entering an *'0^' foldbwed by a one or ^a two. ' _ ^ 

Instantaneous FeedbacJc ' ^ * ► 
^ — = . ' 

One of the functions of J'the computer system is to feed the coded infor- 
mation back to the classroom for the teacher's use. These instantaneous visual' 
feedback programs ^extract the data from the button boxes or TOUCH-TONE tele- 
phone inputs. Only selected parts of the coded data are returned to the class- 
room and used by the teacher. Therefore, some interpretation and data reduction 
is performed by display routines. This process, unique to each type of feed- 
back, describes which coding events will be displayed back to the classroom, 
ignoring some categories, and keeping tallies of other categories or series^ ^ 
of sequential categories called chains, 'and perhaps some ratios or other y 
descriptive ^atics. These figures can be relayed to the teacher through a 
closed-circuit television picture of a CRt display, or through an audio response 
unit playing prerecorded messages. The display may be of simple frequencies 
^ of certain categorizes, a graph of a selected category raioving across an alloted 
time-line of a session, or histograms of selected categories or category chains, 

. . The category processor interfaces itself to the data collection portion 
by monitoring the intermediate file/buffer block of the data collection routines. 
Figure 21 diagrams/this monitoiring process . ^ . 

kt fixeA intervals, the insert ^poin^er to the memory buffer of the inter- 



me 



diate scratch-pad file is compared to a local pointer. If the insert ppinter 
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Figure 21. Instantaneous feedback interface pr9cess< 
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has moved, the stored data points are extracted from the data through the 
local file pointer and chicked. If new data is from the target input box, 
that data cocle is used byf the code processor. If the insert pointer has reset 
to the beginning of the block, the data sets are tested up to a special end- 
of-data pointer. Then, the local data pointer is reset appropriately, and 
other data sets are tested until the local pointer and the insert pointer are 
equal again . 

Computer time f or ^ this monitor, located at the beginning of the code 

, ^ '■J . ' 

processor, is obtained either by a self-resetting clock job, or if the feed- 
back medium is the CRT, a counter in the background display"^ loop 'that checks 
every 10 times the scope^is refreshed. The /sampling' raie^depends on the 
response time desired for the feedback. 

The interface between ;t|ie code processor and the feedback medium depends 
on what requirements are selected. Generally, for a display the values are 
stored in mailbox arrays, and, for audio, the message numbers are stored in 
a ring buffer* 

PROS Proj ect Feedback ^ Figure 22 shows a, picture of the CRT display used 
or the Oral Reading Observation System employed in a demonstration project 
at CITH. The Jbottom row. indicates the category being displayed, and the 
height of the column above it indicates the number :pf times it was coded. The 
number "10'* in the upper left indicates thej^ount that signifies the top- of 
the bar graph display* If a column frequency count exceeds the top, all 
column frequencies are cut in half, the unit increment is halved, and a new 
couitt of "20" would be displayed on top. Th^ number "20" would replace the 
displayed *!40," The bar graphs can display a maximum height of 80 entries. 
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During the OROS demonstration study, the bar increments were filled 
when a particular ''corr^ect" response code was detected following one of the 
column codes, as invthe •»44" column. 

The code processor, as diagrammed in Figure 23, monitors the memory 

✓ . . . • ' 

buffer block of the intermediate d^ta collection scratch file. A start- or 
end-of-data code reinitializes the mailbox display array, setting the displayed 
frequencies at zero and the scale indicator at 10. If the code Ijelongs in 
any of the cblumns, .that column's cell in the common afray is incremented by 
the appropriiate increment value. i 

The display of the columns is done with small- size characters. A complete 
column is 20 character heights high and four half-characters wide. The top of 
any odd columns when the scale is 40 -is done with half characters. 

In the second display version, utilizing filled and empty qolumns, the 
proces^to display these half characters become more complex. Besides 
en^jlqying ithe usual whole or half characters to fill top or partially empty 
columns, jthere are two other special cases handled with special dl^plliy^ codes. 
In one case, the transition from filled to empty space comes in the midal< 
of a . character height, and ''in the other^the same mid-character transition homes 
when the empty space is only that half-character tall. 

Tlje common Array Table is a series of locations, one* per column, with a 
possible range of zero through 40. If the valuers zero, no column is displayed. 
Otherwise, the value minus one is divided by two, and the resulting number of 
column side characters are displayed. If there is a remainder bit left over 
from the division by two, a full -Character top is displayed. If not, the 
half-cl^aracter top is displayed. 



Q ENT E iT^ 



SCAN DATA 
COLLECTION 
FILE 




INITIALIZE 
DISPLAY 



RESET 

FILLED CNT 
PTR 




NCWE^IENT 
POINTER TO 
FILLED 
COUNT 



RESET 
FILLED CNT 
POINTER 



SET PTR TOl 
SELECTED 
COLUIMN 
FI LL ED 
COUNT 



INCREMENT 
SELECTED 
COLUMN 
TOTAL 
COUNT 



HALVE 
D I SPLAY, 
DOUBLE 

SCALE 




ERIC 



Figure 23. OROS visual feedback display decision process, 

1 n^t 



,4 



The Array Table is expajided to display two values per column in the 
later version. The first value is the sum total frequency of the target 
category tines the current increment . A pointer remembers the most/recently 
incremented column. If the second code of the selected two-code chain is 
entered, that column's second value is incremented by the current increment 
value. The second value" is displayed as a column of characters filled solid 
with dots. The first total frequency value minus the second is then used to 
finish the column with the column side characters. 

There are two independent displays, each with its own scope channel and 
input box. For each display, the columns are first refreshed. Then, the 

scale indicator is displayed. Finally/ the bottom line of codes that are 

r 

counted for each column are displayed^under that column. > 

The code processor gets control every tenth time the display is refreshed 
The TPQR Project Feedbacks The TPQR v^demonsti;fition project at cTTfMjsed 
histograms that were part filled and part empty. A code processor, common 
mailbox array and column displ^ similar to that described above for OROS ^^re 
employed. .Figure 24 diagrams the display process for TPQR feedback. In ^ . 
addition, a pre-programmed ratio was displj^yed as a percent indicator. Also, 
under the idefitifiers of the'^columns , a blinking arrow is moved left or right 
according to values interpreted by ''the code processor. The processor checks 
the intermediate file buffer block every 20 times the display is refreshed. 
Only one display and input box number were used for 'this project. Figure 25 
shows a picture of the display used in the TPQR project. 

Loader and Setup » First, the Memory Map is checked for residency. If 
resident, tl;ie setup is initiated. Otherwise, the load is done first, the 
program is read, the display is connected, and the residency bits are, set in 
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Figure 24.. TPQR visual feedback display decision process. 
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the Memory Map. 

The setup»asks the box number to be used as input for the display 
processor. If none is entered, that displiay is dis|^led. 




Auditory- Feedback 

The Audio Feedback routine utilizes a remote-controllable stereo tape 
recorder for^^he feedback medium. . Feedback messages are prerecorded on a 
controj channel unde^ computer control. At the end of .each message, a nark 



pulse is recorded on the second channell Tljpse mark pulses are counted by 
the processor at'*36ast forwsurd and rewind speed in order to selectively position 
any message for transmission into ^he classroom. The messages on the tape 
are identified by a sequence number. ^ 

The computer has five remote -control lines from oTdTiveT card in the 
UDC8 I/O unit to the tape recorder: stop, piny, record,, fast forward (plus 
cue) , and fast rewind tplus cue). Onel'-control line ^iontrols th^ output from 
channel one so that the sound of ^the high-spejsd searches can be turned off. 
Input to the first^channel is the microphone. Input to the second channel 
is the output signal from a D-A module also located in the UDC8 unit. Output 

/^ffl- th^ second channel inputs into one of the Schmidtf-trigger inputs of 
the programmable clock which senses the mark pulses*. An API cli)ck level task 
counts this input and keeps the very short duration timing required. Inter-, 
active operator control is supplied either through a CRT display for instruc- 
tions, and a button box for the operator's responses, or a teletypewriter input 
and output handler. The interface between the clock level task and the inter- 
active operator routine is a message counter and a function switch in the 
clock handler which can be set to; 1) record a mark pulse, 2) do a high-speedy 
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search, or 3) play. The interactive routine is notified when the fimctic/n is ^ 

a' ^ 
done. 




^ The operator can record, position to, and/or play a message. The nessage 
number at virfiich the recorder is currently positione4 is kept by thiS? interact iv^f 
routine. The Record function asks the operator to signal th,e start of a 
message. The recorder automatically goes into the record mode, and |^eaker 
transmits the message into the microphone. The speaker is then asked to iijdi- 
cate the end^ of £he message for termination. A background clock job keeps 
the recorder on for at least five seconds, and, when that indicator is entered, . 
a 10-cycle, one-tenth-^second pulse is recorded on the second channel by alter- 

ating the output of the ^sft-A converter every 5 milliseconds between zero and 
one volt. This pulse is optimized for the response time in o?der to detect a 

r 

pulse-driving forward/rewind speed up to 64 times the normal playing speed. 
A 2-s^^cond pause then allows the recorded .pulse to move past the tape !recorder ^ 
rtad head before the recorder is stCT:ped,and the operator is again asked to 
enter a system control option. k ' 

These message markers are sensed by the clock levpl tasks whert a melssage 
is searched for or played back.' This sensing is done at normal pli^^rj^peed or 
fast forward/rewind. Each posit ive-^going edge of the 10 cycles ffres^he 
Schmidtt trigige?:. To help eliminate false pulses^catrs^ by line noise^ each 
edge is counted^and a 15-millisecond tirae^r is reset. When that counter times 
out, tte count n^st be greater than six or those ptTTS^s will be ignored. This 
sensing feature subroutine is called during a tape recorder function of play, 
fast forward, or rewind and with a count of the number of marks -to be tabulated 




befoip return. Tho^Ta^e Recorder Control routine loads the control driver 
bufferTTtrrfch to select a Tape Recorder Control function, and sets a backgroiind 



^ y 4^ 
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elock task to clear the control driver in 12 secondsv \ 

When a searchlfor a certain message number is to be done, that number ^ 
must fbe «a legirtfraale messagt "'number for the selected taoe. The Recorder Control 
functions of rewind and fast forward are handled by a search section of the 
^lock level task. The required direction to s^^^^r^h is ca'^^lated by coraparipg 
the current position with the requested position. When the pToper number of 
marks are counted, tKe direction is reversed, and reversed again, and perhaps 
again, each time tha^ mark is passed, so as to piit the tape directly in front of 
the specified message-marker. Then the recorder is stopped and the operator 
. is asked to enter a control option*. T^ie five-second minimum message length 
gives ^time for -the recorder to change directions between message marks. The 
play function places th^ recorder in play and stops after the first mark pulse. 

The loader makes the memory resident test before reading the program. 
Because of ^the sp^cial clock level task, it must be specially connected to 
the .API Vector. Then the clock must be reinitialized to enable the special 
r^^-time .rate and input port with interrupt capability. The power fail/ 
restart values for restarting the prjijxammable clock are changed appropriately. 
The background clock job is connected, and, if the button box-CRT display 
ope|*ator interfage is used, the display is connected. The interactive loop 
i^ initiated before the loader ejects the Utility Area. 

s 

Inter-Computer Data- Link ^ , 

Aftef a coded teaching session, a printed descf'iption of each isession^ is 

generated from th^data file. In earlier CATTS versions, program's are 

^written in as/sembly language, and later, an interpretive higher level language 
^ (FOCAL) is run locally on the PDP-12. Since these methods/require that data 

collection be suspended dliring printing, a distributed processing approach is 
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ui4a. With this, the &ta-line link to the CDC -6600 transfers the data file 
to 'the TELEX t ime-shairing sy«em, which thifn generates^ a nummary report from 

_ \^ a program written in FORTRAN. The repoictVis thlrr^vailable to the user through 

• ^ • ^ - " 

the time-sharing service from any computer terminal : 

Because of hardware, experience turnaround time, and limifations, a diM- 

\ up telephone line to the KRONOS/TELEX. time-sharing system was selected over 

> ■ • ■ ■ j*^.- 

/ • " ■ ^ . . ^ 

a high-speed synchronous data-linlc designed specifically for intermachine 

communication. 
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One particular fe^itlire of the interactive teTminal facility suited .for 



\^ the time-sharing data transfer function is the TELEX ';BINARY" input mode, which 
allows 8-bit characters to be collected in a' file without time-sharing system^ 
character translations. Tjae end-of-input data signal to TELEX is a pause wit^ 
no characters transmitted fof two seconds. Each data ^et consists of two 12- 
bit words; the fu^t is the time interval, and the second is the packed data 



word. Thus, ^ach data set can be sent as three 8-bit characters. In addition, 
the first three characters sent are^ two' 12-bit word sets of date and time of 
session, the second three characters are box number and number of 'data points, 
and the third three character sets are made up of the Starting Block Number 
(SBN) of the file and zeros. 

A longitudinal check sum of the 12-bit vajfues is substituted for the iend- 
of-data code mark. 

The following are the functional steps f(J|r this data-link. 
1. The first step consists of establishiiW the call. Regular dialing 
liYies are usech>v^e method is to hand dial the TELEX time-sharing system 
and cradle the hanaset in a modem. The alternative method uses 



1: 



> 



an Automatic Calling Unit (ACU) %p tall the 4ane number with an 
associated Data Set as' the moden. ^ ' ^ 



'2. Logging on to the time-sharing syste^r^^pe^KVes .^he entering of 
an "HV.'»CR'' to identify tfansmission sn^ed and^ a *V*-*'C^* to select 
the CDC-6600 computer. The opcvrat^r ^s then asked t?^enter user initials, 
account number, and password. ' . 

3. /NEK, A" specifies **A** as the name of the prina^ file to receive } 
the fata. l^Tien the **BINARY** time-sharing command is entered, a prompt 

;R BINARY DATA*' is printed on the terminal. < / 

4. The SB.V and logical unit number of the^file^to sent from the 
PDt'-lZ are specified, ^e file, in the form of characters, is the next 
string of characters accepted by TELEX after the "BIN/^Y**' coramai|d. The^ ' 
Pl)P-12 prints a prompt to the operator when £he last character^has been 
transmitted^ A two-second interval, dufing^^which no characters are 
received by TELEX, ends the binary irrput mode. \ 



5. The '-TACr* command must be entered before any other time-st^arlng 
opera%*t5n«^can be done. This, command Clears a sort file fiag and makes 
file A one logical record. A procedure file is then called, 
executes a FORTRAN prograi|. This program calculates its own checksiW 

of the file and compares it- with the file checksum sent .by the PDP-12. 

I ^ i ^ • ^ - 

If they agree, this fikt^s stored in a permanent file ij^th an^ indexed 

entry. If not, an error message is printed, and the file is retransmitted, 

restarting at step 3. . ^ 

it* ^ " • 

6. At this time additional data may be appended?* to the file, the file 

may be translated, or a summary report may be gei^rated. 



7. When interaction with TELEX Ls complet^; th> command **BYE** logs 
off the tiae-sharing system. 

8. Finally, the telephoae^hand set is returned tc^ its. cradle on the. 

telephone. In^the case of the ACU, the^all request bit ^is^cleared. 

with the "HANGWCC' command. ' , ; ' . / 

* * 
The method used to^^tablish a call with ^e Automatic Calling Unit to^ 

TELEX employs six lin^from a UDC8 driver card which provide four bits of a* 

telephone number digit, one ^bit of a telephone ntanber digit present signal, ^* 

and one bit of a call request signal. One livm into a UDC8 contact sense 

card, indicates when to present '^he next telephone di^it (PND) . One bit from 

the accompanying Data Set to the contact sense card is the carrier detector. 

f ' ■■ ' ■ / • ' • 

This Data Set is connected to the PDP-12 through a three hundred baud stoial 

" ■ ' --^^ , 

ASCII teletype multiplied port lociaited in the DC02 communications unit .V 

^ The other manual method uses a modem connected to a second three hundred 
baud DC02 port. There are two versions of the transmit program which send 



j/^^d^^ files. ^ 

A CQmmand ''CALLWCC* uses^'tlie Automatic Calling Unit to connect the two 



comptiters. In order to time the expected interactive responses, a clocTc job, 
is ^'quick connected** to the background stream. The call request line is set . 
high and must stay there for the duration of t)\e call. The telephone lihe is 
taken from the Data Set to pl^ce t^the call. ^ 

Eac'h time the^ calling unit is ready for another digit of the phone number, 
it sets tiie present next digit (PND) on. Thus, the program alternately (1) 
sets the ca,ll request bit only and waits for the present next digit line to 
go high, and (2) loads the driver buffer with the next digit, the digit present 
bit, plus the call^.request bit, and then waits for the PIH) line to go low. 
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This load-and-wait function is acconiplish^d by a subroutine called by 
the main^progrfun. It loads the driver value, resetS'*an alternate entry point 
counter, and sets the clo^k j6b to return in .1 seconds. V/hen control is 
returned, the statys of the PND line is read and returned to the main program. 
^ This v|^ue is tested. an.d, if its not^^t, another entry point to this subroutine 
resets the clock job to return another reading of the PND, line in .1 of a 
second. A count is kept of the number of times this alternate entry point 

is used. ^ If this count' expires , the expected response is not received by the 

■ ■ . . /■ . 

/ ' . - ■ % ' , 

"^PDP-IZ in the expected time interval, and an err^r exit is made from the program 
which prints an error message and ejects the Utility Area. 
^ To return the telephone line to the Data Set, an end-of-digit code is 

* sent over the telephone^ number digit lines". After a pause of eight seconds 
following the last telephone number digit, it is assumed that the other end 
has had time to respond by answering and is sending the handshake signals/^ 
necessary. If „ the call was successful, the carrier^ne should be high after 
about two seconds. I^ the carrier li*ne does go. high, the program prlints the 
success message and ends by "quick disconnecting'* the clock job and ejecting 
the Utility ^rea. If th^e line doesn't respond in fcyar seconds, the program 
prints the failed message before ending. ' ^ 

Once the call is established, eithfer automatically or manually, a program 
to enable the operator to interact with the cbc-660^time-sharing-^system is^ 
loaded . The comm'ands "THr|WCC*' and ''TMIT" are ident,^||||^ except for the data- 
link port used, which is determined by the method^ with which ^the call was made; 
^ele^t and load "TMITWCC*' if the call was placed automatically, and select 
'''^^T" if the ttjodem is being \ised. Both of these commands stay in the Utility 
Area until cleared, which causes data^ collection sort routines to be delayed 
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or ignored. *'TMITAUX" is very similar but it occupies its own area of memory 
and can select either port. All subsequent^^references to V'TMIT" hold true 
also for '^TMITWCC." These Transmit programs are a collection of , three co- 
routines.^ One routine waits for input from the data-link. port and outputs 
those characters to the operator's console using the buffering routines pro- 
vided by , the Command Module. Another routine waits fop^nput from the 
operator's console and outputs^ these characters Ij^p^ to the console printer 
and the data-link port. No buffering is required for the data-link output, 
so each character is sent out when it is received. The third routine re- 
formats the selected data file and sends it out the data-link port as sequen- 
tial characters. ' ' ^ ^ ) 



The steps of logging on, preparing TELEX to receive the filey-^ving the 
file, ^selecting and generating the feedback, and logging off are all done by 
communicating through the PDP-12 and the data-line link to the TELEX time- / 
•sharing system just as though the operator were at a teryninal. Every character 
typed by the operator^on the teletype is output on the data-link port with 
no intermediate buffering. Each is also echoed back to the operator's teletype 

through a ring buffer.. Since *'TMIT'* uses the Command Module's output buffering 

, , . . ' * ' / ■ ' > ^ 

carriage returns (215g-) are converted to 36's, and line feeds (212g) ar^ 



ignored. Every character to come from TELEX is typed on the operator's- telj 
type through that output buffer with the same special character '^rans^^ic 

The input from the operator's teletype irs also monitored for two control 
characters. One of these is. a control/T. This is the feature that allows the 
operator to select a file from the permanent file storage space on the- PpP-12 
and to transmit ^t through the data- line link to TELEX.< 

The control/T initiates an Interactive routine which prompts "Transmit 
Which?" oh the PDP-12. The characters then entered on the operator's teletype 
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are not sent through the data-link, but are buffered by the systems CDRD 
Coiranand Line Input routine, l^en a line of input has been accepted, GETO is 
called to get. the SBN of the file to be sent, and transmission is initiated\ 
If an *!A" is encountered before the SBN, the auxiliary disk storage unit 
number 15 is selected as the logical unit containing that SBN. Ulien transmission 
is complete, the prompt 'SENT^' is printed and the input from the operator's 
teletype is reconnected to the data-line link. The operator must wait at 
least two seconds after the ''SENT" prompt to end the TELEX BINARY input mode 
before entering the next command to TELEX. 

The other control character from the operator's console that is monitored 
by the PDP-n is a control/E. This function prints 'TffbCND," clears the two 
inputs enabled from the command console and the DCO 2 data- link port, eject? 
the output of the DC02 data-link port and ejects the Utility Area, allowing ^ 
other routines and cojnmands to wse' it . Figure 26 diagramtS the inter-computer 
data-link process.' 

The operation of ''Tf-1ITAUX*' is very much the same as^^TMIT." s But, since 
this program is not a Utility Area command and uses the auxiliary teletype, 
short substitutes for teletype input and output are used. ^ "TMITAUXV has its / a.^* 
own ring buffer and delete code. To eliminate the need for a t ext-buf fering 
routine, the ^TRANSMIT l\T4Igt|?»'prompt and the "SENT" indicator are reduced to V ' 
the single characters of *'S" and "Carriage^ Return^," respectively. A, special 
^ihput routine does not, buffer a ^^^^ i"P^^ but accumulates an odtal SBN 
number from the console input. Editing* is done not with the rubout Rpy but 
'by reinitializing the value 'with another CTRL/T. Entering a "T" before the 
SBN dire^s' the program to 16ok for the file on LINCtape rather than the disk. 
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Figure^ 26. Inter-computer data-link transmission, process. 



The loader checks to see if the required area in memory is occupied. If not, 
the program blocks is read and the Memory Map bits are set. Input .from the ^ 
auxiliary teletype is enabled. The data-Qnk port is optionally selected 
according to the command input buffer. If a "13" is appended to the "TMITAUX'^ 
command, the nC02^ort connected to the ACII is used. Otherwise, the manual 
mpdem port is assumed. \Since there are no other users of these ports., nothing 
is scheduled on t^ie' output device handlers, and input is enabled to the 
waiting routine. ' ^ 

An unloading command "TMH'AUU" clears the program and allows it to be 
reloaded with a different data-link port. First, the Memory Map bits are 



test;ed to check whether a program^-^occuj^ies that area in memory. Then a .test 
is made on the first instni<^ion of that area. If it^s the correct program, , 
the memory bits are cleared and the inputs are disabled. The data-link output 
handler is set to "not busy." s^' 

^ Automated Data-Link . Initially, any program that automatically sends the 
files to TELEX must be simple and straightfnrwp'-d. Ar as -^iimnt ion is made that 
all interactive. processes will operate smooti If problems occur, the ele- 

mentary error recovery procedures must ^Iso provide documentation on the 
problem areas. Since this function occupies the Utility Area, the operation 
must be fail-safe, with timers clocking expected responses and counters , 
limiting retry loops without retrying any step too often » 

The operator control initially required f.s to add or delete the auto-^ 
mat icSsendiing option. The Automatic T raif^mit program is added to the S ort 

f ' 'Y. 

functioj/which uses the Utility Area. If t ansmission operates smoothly, this 
function is not required to stay resident in memory* Th,e automatic version of / 
"PUT" does all ^he, steps of the manual version, except steps six, seven,- and 
eight. as outlined earlier. ^ L 
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EaCh box^s data fVqjii^ ffH:(^*!5ession must he sorted before the next session 
on that box ends. So, if ,each file is sent after it has been sorted, the log-off 
step is eliminated by not requiring a re-dialing procedure for each file, 
thus increasing th^ response time when^many files are being collected. TFLFX 
automatically clocks inictive periods on terminals and automatically logs a ^ 

user off after 10 minutes o^f inactivity. 

\ ... 

The automatic version mimicks the operator's entries in the manual 
operation. The function of sendinj^ a command and^waiting for the response 
is done by a "Send", subroutine . Each character of the message is transmitted 
bv.the DC02 poYt and optionally buffered for printing on tfie console device. 

: ■ " ■ ^ - 

A "CR" ^is transmitted at the end of each message. An "LF" cKaracter is expected 
to be transmitted from the CDC-6000 immediately after transmittlTig the »'CR.'» 

J Another prompt is expected to follow when the "Send" command is completed by 
TECEX.' A 1-second clock job will tin)e out if there is no response to the 
"CR.^* This error is. counted and the re-dialing code is called by the PDP*-12. 

» If there is a returned response of a "LF" character , the clack job is reset 
^o 17 seconds in r'-A- q detect the. end of the next time-sharing prompt, ^ ' 
Each character hat prompt resets the end-of-prompt timer to three seconds i 

Three seconds /ifter the last character of the time-sharing prompt is received, 
the Send sut^routine is exited, usually to transmit another message. 

Each character from TELEX is rSaved and optionally echoed on the console 
device. If the Send' subroutine^ is waiting for a response, thaf^ character is 
passed for further,:^terrogation. Any messages "received at an Unexpected time 
are optionally echoed but otherwise ignored. . — ' 

Each d .cer is optionally echoed on the console device. If the PDP-12 
sense switch zero is/set, the but^t^ box printer buffering code is called to 
ty]^€-<hat ^character . Before each ):haracte,r is transmitted out the nC02 port 

■ U2 



^ to TELEXJ the* carrier detect line is sampled^ If it is not on, the carrier 
must havie) dropped . This error is counted and the re-dialing code is recalled. 
Coiranunicatipn checks are reserved to three, go/no-go checks in the transmission 

/ 



s,equence.'^ • 

The call is placed with the Code from the ^'CALLWCC^ Command. An added 




f 

feature at the start of this code clears the call request bit forffive second? 
to be sure the phone line is ready for dialing. Carrier detect must be estab- 
lished after placing the call through the ACU. If not, this error is counted 
and the re-dialing code is recalled. This error exit is also used if the ACU 
does not respond as expected. 

The logging in is performed by transmitting an ''H" followed shortly by 
the "GR.'* The brief pause allows TELEX to discriminate the two characters . 

A brief end-of -prompt pause is needed after transmitting the '*W-''CR'' 
in d^rder to wait for the time-sharing header and user^dent if ication prompts. 
A valid log-in test checks if the last character received after transmission 
of the initials, account numbe^, and password is a **colon*' from the ''RECOVER/ 
SYSTEM:'* prompt returned by T^LEX. If >it is not, the user "id*' line is 
retransrjiitted , up to three times. If the log-in check still isn't positive, 
the carrier is monitored for up to six minutes. If all of -the TELEX ports 
are busy, any message from TELEX will reinitrate^Jthe^rogram m order t^o ^* 
transmit the user "id" line. If the "colon" transmission is garbled ^ the 
timer elapsing will count that as an error and recall the re-dialing code. 
If TELEX, isn't up or the carrier drops for any qther reason, the carrier test 

9. ■ ■ 

9 

before transmitting a character will count that error and re-dial. 

/^ter .Ip^ging in, the "NEW A" and "BINARY'* commands are transmitted. 
The file just sorted is then read and transmitted to TELEX with the same routine 
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that "TMIT" uses. The "PACK" and "-Z" commands are transmitted. 

The wait for the "ackrtowl>s^J^e" message from TELFX is somewhat longer. 
Manual operation shows it^to be usually less than 30 seconds with no other 
intervening messages. The nelxt^ time-sfiarinj; prompt^ * reaDY" appears within 
five seconds of the acknowledge message. Each file sent must receive the 
acknowledge signal of "AAAAAAJV ^If necessary, the file^'tj? re-transmitted up 
to\three times, restarting with "NEW,A." If still unsuccessful, this error 7 
will be coupted and thdQre-dialing code will be recalled, 

(^The re-dialing cod^ will be recalled only twice. ^Vhen th^ error'^count 

) ' ■ - ■ ( 

exceeds two, the attempt to transmit this file i^ aborted, and control is 
^returned to the Sort program to look for more sessions to be sotted. Other! 
errors, such as program or data read errors, will als9 cause this Automatic 

V 

Transmission program to abort. / ^ ' 

Currently, a^record of these untransmitted files is kept by the operator, 
who can transmit th^m over with the manual methods. ( 



DITRMA . . 

^ I- 

The DITRMA program assists m training an observation system hy comparing 
the coding entries from several observers and reporting -on their agreement or 
disagreement through a visual feedback method. It is also used throughout an 
obsei^a;ti^pn study in order to m^^tain the observer's cate5T<" * ^ lation 




abilities. The^^^ining site htSfs up to six button b^xes, . j tors, a VTR 

remote -co^vtrol console, and a tone generator. The PDI^2 hai chree i odes' of 
feedback to observers. One of the TV monitors is ponnected to a VTR at the 
^computer site which plays a video training tape. A remote-control console 



►pro-y^des VTR controls for reviewing previous segments of tape. The other TV 



monitor is a closed-circuit connection with a TV camera which is focused onthe 



CRT display that transmit s ^various status messages and code lists back!)to the 



training site: The computer also employs relay connections to the ^Pfl's remote 
control start and stop lines. Another relay turns the tone generator on and 
off for an auditory "agreement" feedback signal. 

* J 

Operation . Oh«^ of the button boxes used is designated the **Ptaster" -box . 

/\) 

It is used to begin and end DITRMA sessions, and to enter the ''consensus*' 
code when a disagreement automatically stops the tape. To begin, the Master 
box is switched on, identif ication^ta is entered, and' entering, an "0011" 
starts the VTR and be.gins the DITRMA session. Any of t\\e other boxes can 
begin ' at any time in the session by switching the box ory and entering the 
"0011". co&e. DITRMA does not compare the control codes "boil" and "0099, 'J'" 
or the identification data. Any box can drop out of-a session by entering the 
"0099" code a^d turning the switch off. * v.^^ 

When , the first code is entered, the PDP-12 CRT displaysT^, 

i CODE 
INITIATED ' ^ 

WheFhsjll first codes a,re entered, the progrrfj^i compares the datn. A short 
feedback tone to the obs^vers indicates a?: oement . Otherwj.se, the training 
•^ape TR stops and the PDP-12 displays the disagreements.. The code- list dis- 
play format is described below. All the box lights are- turned off and no 
further codes are accepted from the boxes. The trainees at this time discuss 
their disagr^bment jand reach a mutually agreed-upon consensus. When the Master 
box is turned on, the consensus code is entered to restart the VTR, re-enable 
input on all th^e boxes, and return the display to: 
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^- DITRMA 

Coding resumes from that point or the tape may be rewound to review the taped 
material . v ' j ^' 

Observers are not restricted to entering the same code s4.multanepusly . 
An observer ma|^ be ahead of the other observers if the observer has already 
coded the event that the others are currently coding and then codes a further 
event. The observers may vary in event s>'7ichr6n?zation by as many as four 
codes. All extra codes that are displayed in the code list axe ignored after 
the Wk restarts and must be re-entered. 

To end a session, code "0090" must be cered on the Master box to stop 
■ the VTR, and the box must be -switched off. The other boxes may do likewise, 
as in an actual data collection session. 



■f 



Ro utines and Data Str uctures,, The DITRMA progrJim is'^sirtlilar to the video 
feedback programs in that it has a code-processing se^ "ion and a display^ 
refresh section. The code-processing section, however, requires respon" 
to some of the individual characters . from the boxes, Theref e, l ^ cc 
processing section is implemented similar to a Data Collection Input routine. 
The first section provides box controls and individual data code construction. 
From these, the ^des ^^ff^^^lectively buffered in -a Step Table Array prior 
to the comparison and indicative response. 

fhere are several different items kept in the Step Table Array. A step < 
is a row in the array which contains co<fe'^ from the boxes for the^same coded 
event. Any code of an event ahead of the event being coded by the slowest 
coder is stored in the next step row for thatl)ox's column position. The 
column position for any box number is indicated by which position that box 
number holds in a separate array , called the Box Number/liable.' Any box can be 
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as many as three codes or stpps ahead of theN^lowest. The fourth row is used ^ 
to indicate which step tliat column or box is currently on. One cplurpn (seven) 
is used. to keep a count of the number of boxes that- have made entries in that 
step. Anot}|(er ^column (zero) is tlie all-codes-entered timer for that step. 

Data is stored in the intermediate data collection buffer under the Master 
box's number, and is nored as a data f' . ;/ith a special format. V/hen all 
the coders a^r?e on ^^n event or step, that consensus is stored.- Mien th'^ere is 
disagreement and a code list display is generated, a special data flag is stored, 
followed by the error type and the data codes in step zero only. The consensus code 
ejiteted on the Master box that restarts the session is §Jso stored. 

The begirining box control section allows the Master box to begin and 
end sessions and pv:;- s the box ow/^^FF and UP/DOWN functions, plus individual 
digit buffering 'tin^^ put routine. The number ^ 

of actiVv. ^oxes is ..upL by this section. Tl\c data code is packed on an FNTFR ^ 

0 V > 

key. If any pack tests are positive, a type-two code list will be generated, 
describing a specific coder error. 

Now the Step Table index for this box number is checked m th€(^BoX' 
Number Table. If the current 55tep number for this box is already at three, 
the last step, the code list that says ''TOO FAR AHFAD*' is generated. If not, 
the datari^^saved at the current step number, and that step number for this 
box is incremented. 

If this is the first entry to this step number, the ''(TODE INITIATED" 
text is moved into the display buffer area, and the al 1 -codes-entered timer 
for this step number is set to the wait time. This wait time is selectable 
under^ program control (HTI-IFR command). A clock job increments each step's 



f^timer toward zero. If ^rl boxes dial to enter a code, step zero's timer will • 
reacrf zero, which generates the *"TIMn** code display. 

If all boxes enter a cqde^ the number of entries for step zero will equal the 
number of active boxes, and the timer will be reset. If each active box's data 
codes stored in st^p zero are the same, the steps will shifty inoving the timer, data 

^ 7 

codes, and entries count of step one to step zero, two to one, and three to two*N» 
Step three is cleared. The current step indicators must be decremented by one. The 
tone is fed back and, if there are no entries in the Step Table, the display is changed 

■!1> 

to '*DITR>!A.*^ If the comparison shows different codes, the "DISATjREEMENT'' display 

is generated. ^ . " 

The following codd- lists describe what caused the error, display and also 

list the codes buffered in the Step Table. Tlie display has the general format of: 

"ERROR TYPF" 

f Entry ■'^ 

Box 1 . 2 3 4 ' 



1 (Master) 
2 
3 
4 
5 



Data Data Data Data 

Data 



tiatc 



;ai' 

Data Data Data Data 



4. 



Data Data-, 

Data from the Master box is in row 1. The other boxes are the following rows 
in descending order. If any observers have entered more codes than others, these 
extra codes ahead are displayed in that box's row in the secfond, third, and, 
possibly, fourth data columns. Numbers subscribed next to various entries indicated 
in the format above refer to the type of error made by the coder. A description of 
•error types follows: 
1, ERROR TYPE: DISAGREEMENT 



Probably the most ^frequent , the conflicting codes can be seen in the first data 

.J 

column. » 
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ERROR TYPE: ERROR \ 

I 



THe CATTS Data Collection program makes some tests on the digits entered* , 
ak a data code. If onie of these tests fs positive, the violating ^digits 
will be followed by an ^ \ 

Those tests are : ^ . 

*a) Code exceeds a maximum for that level. . , 

b) Too many digits have been entered,. May be caused by not, ending 

'' ' t 

the previous code with an FNTER key. 

c) No digits before the ENTER key. A is in that colymn. ^ 

3. ^r.RROR TYPE: TIME 

. When an observer codes Something and the CODE INITIATED message is 

displayed, all the others must follow with something in a presets airiount 
of time or a timeout wiil occur. A timeout timer is running anytime 
CODE INITIATED is displayed. 

4. ERROR TYPE: TOO FAR AHEAD 

V ■ ^ ^ / ^ . . 

Caused by one fast coder being five codes. ahead. " / ■ 

After/the data from the Step Tab^e is displayed, the fiVst step (zero) is 

ij ^ 
stored in the data collection buffe^, and the Step Table is cleared. All the 

box li'ghts^-are turned off and codes "af^^ not accepted. The VTR stops and the 

lockout switch is set which causes all ^charact^'s from the boxes to b^ ignored. 

In five seconds, the lockout switch is changed to look for charactei^s from 

Master box only, and the Master box lights are turned back on. V>Tien the con- 

sensus code is entered, it is stOT:ed in the data col lection .buffer^ All box 

( 

lights are turned back on and the lockout switch is cleared to accept data 
from all the btfxes. The VTR starts ^ain and "DITRMA^^ is displayed. 

The display refresh routine simply displays the packed 6-bit charactersV_ 



currently in th^ display buffer. A Routine moves a requested text list to 
the beginning of this display buffer. The code list generator then "prints" 
oiie or two digits per number , and asterisl^, space, and CRLF characters where 
appropriate into the display buffer. ' . . 

The VTR and tone controls are marlipulatcfd) by se toting a bit in the felay». 
buffer. Then a clock job is $et to clear the buffer in two seconds , producing 
a short pulse rather than a continued ON/OFF, or tone signal. The VtR can 
be set so that the picture will remain recognizable when stopped and restarted. 

A "nonstop" 'mode of program operation alters the Code List function to 
eliminate the VTR stopping and waiting for the consensus code. Instead, the 
code list is generated, the data stored, and the Step Table shift is called 
to p^^^j^re the Step| Table "for continued data entry. If data codQs for the 
same event become stored in different step numbers, the all-boxes-entered 
timer will resynch the input codes after a pause of that Iqngth with no codes 
being input . . 

Loader , Since, the DITRMA program uses the Button Box Input routines, the 
loader makes certain that they are loaded before checking and* reading its own 
routines. If successfully read , the'' display and clock jobs are added to the 
appropriate lists. The page variables are moved into place and the Memory ^ 
Map bits are set to "busy," ' \y 

The DIXRMA interactive' setup is similar to the button box setup and re- 
quires additional variables and tables to be determined. First, the "MAXIMA" 
query ^s prompted. wMch "sets the pack parameter for the Box Table. This data 
is also t^sed to set a number- of -levels indicator and a number-of-digits^per- 
level table in the code li§t generator. The responses to the BOX NUMBERS 
query specify which boxes will Ija^e their inputs ehab^d to the DITRMA input. 
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Figure 27. DITRMA pfpgram process. 



^ . CHAPTER 6 ^ • - - 

Conclusions 

Technical Experience with CATTS ' , - \ ^ ' 

Preservice^Jnservice demonstration projects: Data (cpllection> CATTS 
programming "irf as implemented to relieve the, observed from spending^ too much 
time with the tedium of mechanically Entering observations, in to the, butjton 
box, which mighft take away the observer's attention from the teachingf^itua^ 
tion under observation. The observer need only discriminate* the^ehavipr 
to be coded and press thtf^iappropriate category number^ into the button 'pad 
matrix, then press the ENTER button to c^mp 1 igj^--%h^"^ t ego observation.. / 
If the observer is awkre of an- entry error before the ENTER key is pressed, 
the SKIP button is pressed and the^ correct category- is re-entered before 
pressing the ENTER key. CATTS automatica^lly senses the ^KIP key and clears 
the initial data bu^er to allow fbt re-entry of the corrected code. CATTS 
also recognizes' an ENTER key that is pressed without category data pre- 
ceding it and ignores the mistaken entry. An error message is then printed 
on the monit#r teleprinter which identifies 'the '•no data entry" error that 
w§s detected. , 

A data syntax check is also performed by CATTS, which checks the in- 
coming data for the expected number of button entries for each observation 
and whether or n6t the data entered exceeds the maximum value that the/ 
categor)(^ystem will allow. Both of these eri^ors are also igntore^l by CATTS, 
and appropriate messages are printed. 

The messages that are printed on the console identify either poor 
or incorrect coding procedures by the observer, or a faculty button box 
configuration y The data system self -checking ability provides the observer 
with the simplest procedure for data entry and releases the observer's 
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'Sttentian to the data collection task at hand. 

\ Most of the technical problems encountered with the development- of 
the CATTS data colle^ti^ configuration occurred with the^arly CATAMYTE 

portable collection 'systems. These portable data collection systems re- 

^ * ■' " ^ ' . 

%^ ' ■ ■ . 

corded the d^ta onto magnetic tape cassettes for decoding back through the 

■ . ' » ■ 

computer at a later. ^tiroe. The high degree of error ii^roduced by this 
audio tape data^ transfer system caused .missing ^ata problems and data drop- 
outs- The battery power supply of the early DATAMYTES also led to missing '\ 
sessions .when the batteries failed during data collection.^ Since then, the ^ 
Electro-Gfeneral conpaji^ has marketed a^new model DATAMYTE which eliminates 
thQ audio tape system and stores the data internally into ^ solid-state 
memory chip. Recent experience has shown that the new DATAMYTE data collec- • 
tion system has been reliable in the field. . 

TOUCH-TONE telephone data collection has alsd^ been shown to be a . ^ 



reliable method of data collection, but is dependent upon the integrity 
of the telephone line supgliedsb^ the telephone company. A demonstration 
project in Hammond, Indiana, 220 miles from Bloomington, was completely 
successful, while a" project in "Indianapolis, 60 miles away, experienced 
telephone line trouble between the two ci^ties. Locally, tljere has been 
no data collection trouble with the telephone system which proved to be 
as reliable as directly connected button boxes^ 

Preservice/Inservice demonstration projects^ Feedback s Data summary 
feedback and instantaneous feedback to trainees at the data collection 
sites has .proved to be reliable. The instantaneous video feedback applica- 
tions have been technically successful from the beginning, limiting the 
initial problems to the development of what to display to the trainees at 

f ■ ■ - ■ ■ 

the teaching site. These problems wgre instructional in nature and dealt 

ERIC ^ / i02 
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decisions regarding complexity of feedback availaj^le in re 
luch information can -be decoded by th^^ trainee in a real-ti 
The summary pftntout » feedback has progressed through a ser 
opnejcttal €t^ps all focused upon -the ability to get the pri 
ee m^the shortes^ possible time. Initially/ CATTS was:n6 
ic© st^iary printouts simultaneously during real-time data 
intouts had to be generated after data collection sessions 
d. As CA^TTS evolved, the printout responsibility was turn 
a|B|ipus computer center so that a printout- could be generate 
sharing terminal sooli after the data was collected, trinsm 
d at thft.^ computer center from the PDP-12, either automatic 
tor initiated. The placement of the data^ summary^resp/)nsi 
ampus time-shai*ng system also ^permitted the use of higher 

(i.e., FORTRAN) for programnking more flexible and cortpreh 

•• . • ^ ^ , ' ' . 

ries. This decision released the PDp4.2 CATTS operating s 

- ■ , * / 

nsible only for the data acquisition, control processing, a 
stotftge and summary processing to a larger time-sharing co 
ore efficient processing and sinplifj^ed programming! applic 
DITRMA Training . Because DITRMA training is limited at.th 
tly connected button boxes, video feedback displays from t! 
emote-control of the 1-inch VTR for training materials, no 
ems have been experienced. After initial familiarization ' 
m and its control, all training sessions have been success 
ed out. As would be expected, the success of the training 
ds Upon the observation system being trained and the visua 
tional materials |hat accompany the training package. 
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Reliability oj CATTS functions 

As outlined in the software section' of this manual, the CATTS operating 
and data collection system is composed of many routine^^that all must func- 
tion reUably in order to respond to the realTtime collection, storage, and 
feedback of the data. Other than developmental problems, CATTS has been 

C — s 

reliable and accurate from the beginning, vith a minimum loss of data. 
The PDP- 12 'hardware system has performed very well, with a low-record of 
machine ^failure ^d down time. Both software and external hardware backup 
systems have been, installed from the begintiing to insure a minimum loss of 
raw observation data due to any hl^r^^e malfunction, either in or external 
to the PDP-12 system. ^ V. ^ 

Cost-effectiveness oY CATTS / ♦ 

Experience gained in t]ie development of both the hardware and soft- 
ware cop^3on«Tits of CATTS has led to the ability of the system to collect 
and fe^ed back data from many sites simultaneously. The current input 
'capabilities are, 12 real-time^data ports channeled through the UDC8 sub- 
system and two off-line i^JI ports for DATAMYTE data in the Di:02 communica- 
t ions units. The logical expansion of both input systems is a simple matter 
of adding only the input expansion hardware and making minor changes in the 
software routines. The software has been written to accept additional input 
sources. " 

The summary feedback system based at the campus computer center has 
provided an unlimited resource for access into and summary of a very large 
data base from any time-sharing terminal on campus or throughout the state 
of Indiana. / , * 

r . . • 

. The two CATTS functions of data input an^- output can , provide service 
to many classroom applications, with a minimum of additional hardware costs. 
The hardware additions for ex^J^ansion only exist at the data collection 
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PDP-12 site and require very little software updates. The DATAMYTE data 
collection process has also been transferred to the campus computer center 
through^ any tine-sKaring terminal, leaving PDP-12 CATTS responsible only 
, for real -tim6 .data collecti^on di^^ay and control functions. 



CATTS Technical Future 



cKtTS is not just a specific hardware configuration 



rather a 



methodology v4iich can take many variations in its configuration to fulfill 
the functions for the analysis of pryfcess-type observation data- 

CITH/I.U. Central Network . Through thje application of telephone 
conanunications, the current real-time hardware/ software configuration 
located at CITH it Indiana University would serve the needs of data collec- 
tion on. feedback requests for Bloomington and Indiana cities reachable by 
I.U. network telephone lines. Real-time data collection would take place 
with TOUOi-TONE telephones for locations remote from the CITH location. 
Summary printouts would be available on the Indiana University Computing 
Network (lUCN) which has special time-sharing local telephone lii^ to all 
State-supported campuses throughout Indiana. DATAMYTE data »would also be ^ 
processed throitghithe lUCN. ^ 

National Tiai^-Sharing>Netwdi^c . '^^ of CATTS functions into 

a nationai time-sharing network would extend the data collection and summary 
requirements of DATAMYTE data applications to users anywhere in the U.S. 
through local telephone calls from locally accessible computer terminals. 
A demonstration of this application is currently in operation at the BOCES 
Pinesbridge School located in Yorktown Heights, New York. Data is collected 
on DATAMYTES arid then transmitted to a national time-sharing network for 
sumtoary processing and storage. The same software programs now are also 
accessible to anyone at any location who has permission to .use the system. 



Portable DITtttiA units . Development is currently underway ^t CITH to 
provide portable microprocessor-controlled units^ that will provide re- 
stricted DITRMA ftmctions to remote* locations th^ are not accessible or 
economically feasible for providing real-time or time-sharing services. 
These will be self-contained units that will allow DITWIA training of 
observation system anywhere, requiring only a^VTR and monitor for showing 
the traininfifmaterlal. 

Mobile CATTS unit . The complete real-time CATTS configtiration can be 
reduced in size to fit in a small mobile van for transportation to class- 
room sites throughout the pouritry. Application of CATTS services frpm a 
mobile van would require the van to be placed adjacent to a schoal or 
central facility that has telephone line access to a number of schools. 
The van could then collect, display, and feedback observation data to all 
locations. This application could be used in conjunction with an intensive 
inservice instructional training program. 



r >-< 



\ 
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Command List 



Console Monitor CoHBiand Comnamication 



\ 



Typing the '*line .feed** key on the command teletype starts the cdm- 

/ • . . • * 

mand handler. '*y* is printed. The name is the copraand itself Some 

r commands have parameters with the command name^, , Others have an inter- 

"Active s^tup with prompts. 

In the following examples of pj^ameter lists, letters are used to 

denote variables, and letters enclosed in quotes, such as^"0", are the 

actual characters to be iised for Cjiat^jparameter. Underlined characters, 

words, and phrases are/printed by,,^f computer. M§M is a' list of all 

^possible messages that coul^print and their meaning, plus any action 



that may need to be taken. 

M5M System response: 
NOT IN INDEX 



CAN'T READ INDEX 



NO BINARY FILE 



URE BBBB 



y 

Possible solution: 
Check spelling ^ \ 
Check disk or tape-drive control switches 
Notify programmer 
^eid-^ror this block 



CATTS Data Collection Conmands 

^ ; ' ^ 

CATTS 

CATT52 - ^ * 

These are the ButtQn Box Input routines with the basic data storage 
configuration. CATTS2 boxes use control codes. The intfractivy^ setup 
enables input on the box numbers selected and defines coding parameters 
for those boxes. 



\ 



ERIC 



MAXIMA I J K 



SESSION LENGTH L 



. -15^- 

♦ » 

These are the maxiinum categories for levels 1, 
2, and/or ^ >^ ) 

If the machine ^^tft automatically end a~>ession. 



BOX #'s M N 0 



\ 



M6M: 



enter the time in minutes, otherwise enter 0. 
. Up to 12 b9x numbers in the range 1 Ithrough 12. 
This ^etup is ended by pressingC^R or RETURN 
after MAXIMA. 

Real-time Data Collection f - ^ " 

ON N HH:MM . Box N switched on at HH:MM. • ^ 



OFF N HH:MM 



A N m.m 



B N HH:NW 



C N HH:MM 



S PPPPBBBB 



J " ^IMBBB 

M§M: Loadet\^ 

Console requests 
DATE (MM,Td, YY) 
TIME (H.M) 
BAD READ 



-C . , . 
MEM BUSY 



Bpx N switched off at HH:NW. ./ 

NO^DIGITS CODED BETWEEN ENJERS on -^box N at this 

hour HH and minute MM. ^■ 

CODE EXCEEDED TOE MAXIMA on box N at this hour 
HH and minute MM. " 

TOO MANY DIGITS BETWEEN ENTERS on box N at this 
hour HH and minute MM. 
Sort not done on earlier session. 
Backing-Store-Write error on block BBBB, notify 
programmer. 



Jan. 1, 1975 would be M 75. 

3:45 in Xhe afternoon would be 15 47. 

Could not read the program, orN^it 0 or 6 

not selectabTe. 

Write locked. 

Another program occupies needed memory. 

\j \j 



M^: Data Sort Process v 



SB N HH:^M 6BBB 



SN N HH:W EKT 



Normal SBN number of box N. ' 
No data codes or SBN. 



SB N HH:KW BBBB P Partial, notify programme^. 



SE UBBBB 



DATAMYTE Input Conmands 



Read or write error, notify programmer. 



DM1 
DM2 



MAX I J K "0" L "S" "C" M 

I J K MAXIMA,. as in CATTS 

DM1 is Box 13, DM2; 14. 
'•O" L L = 1 or 2, sets data listing on 1, the command console 

on 2, the auxiliary printer. 
"S** Restart a tape, ignore input from last tape. 
"C* M 'M = 1 through 9 entered where' appropriate' control code 

' shpuld have been. C9 ^ould give an SBN. ^ ' 

Coding errors A., B, or C are printed after the ^imer digits. 
/ M5M: DATAMVTE Loader 

^ -,Bad read when loading. 
m,M: CATTS Data Collection ^ 



TOUCH-TONE Telephone Input Commands 
PHONE 



MAXIMAS 



BOX #'S 



\ 



Same as >in CATTS2. 

10, 11, or 12. These boxes caijnot bcused for anything 
else when PHONE" is lo^ed. Any previous setup of them is 
cleared. Must enter CR aftfer last MAXIMAS in order to exit 

• * ' » 

setup. 1Cj< - 



' ■ ■ - ; . ; . i I 3-^ 

Placing the call is the same as ^witcRing the box on; ON N HH:MM > 

( c ; / • " 

. ^ Hanging up is equ^valent^o off; OFF N HH;NM , ! a 

• \ • - . \ 

" To hang lip a' data set that did not do so automati easily, depress 

the talk button on the data set, li'ft^the receiver, ,and hang up, 

^' ' . ' / ■ ' . 

M§M: ..Loader - / v 

^ V ' ' ^ ^ r ' • 

^. ^ Bad read wl\enjloading. y 

M§M: CATTS Data .Collection ' ' / 



{ ) 



Auxiliary Commands / 

^ ! ' ^' 

OFF N This is t)ie equivalent of switching a£iCATTS2 bo3?^ of p. Notify the 



» programmer whenever this Is used. 



"0 < N < 15 Box Number ^ ; , ' .. .. 
M§M: Loader , ' ' ^ . " 

WRONG ^ CATTS not loaded N out of range. 

DATE/ Intei*actively requests a new day and tin)ie setting for the .basic 
Storage ^configuration. . , . 

■■ ^ ■ . %j . 

Prompts: 

( Current date and time) . , 

TIME (HH^MM) 

^ DATE (M,D.PP ) , -, 

No response will leave values unchanged. Must do CR to\9^t\ 

■ ' ■ ■ ' . ^ ^. ' • ■ ■ 

BOXES This command will generate a lis*, of which boxes ar^vcurrently 

heing used. , ■ ^ ' . ^ 0 ■ ^ ^ 

1HI8M: Routine Report ^ ' - ^ 

- N con;) (UP) MM,;SS (U) In^y combination. Box N is ON 

and/or UP with M minutes and S seconds 

>^ ■ 



ERIC . . ' -^r^. ^ 




left In ses 



sion, ' l> 



means uns'oAed. 



Non^ active fi|t this time. 



V 



CLI9T 

CLI^TA These commands generate a printout-^of all data codes entered in 
a session, 5 points per line. Each types a different printer. 

Pron 

ENTER S6N B 

: B Starting Block Niunber. 



V 



r 



M§M: Error Report 

BAD READ of data 



-J. 




"U" I 



NN 



thi% is ^another data list command modified to 
print 1 data point per line, and^respond to control 
codes entered. 

Data list is to be generated oil auxiliary TTY* 
If data file is not on default unit 16, type "U" 
and logical unit number, I, 0-7 for LINCtapes, »nd 
10-16 for disk; units. \ 
Type one or a list oF SBN's. 



Typing a CR or RETUJIN will skip t^^he next lijjt 



or ejid the listl 



M5M: c Loader 




INDEX "A" "U" I "B" S K 



ERIC 



Bad readj of data , * 
This command generates a list of SBN»s, Bo3?i,#'s, 

> . .v> '^J , 



CK 



.156- ^ 



time down, and data. 
J "A"* Auxiliary TTY. " ' . -. 

• ^/tJ^nr^ Unit I; n-7 ^ Lir^Ctapes, 10-16 » disk. 

~\ "B"' J Starting at block J. , 

\ K Skip K files. 

Must use CR or RETURN key to end tKe list or listing routine will 
go to the end of the unit and print BAD READ . 
^t5M: Error Report 
BAD READ ' 



This is an early data list program which will also tabulate tjie 

number of data points and total time, and pri^jt any discrepancy 

with/^those figurest^in the header area. 
Prompt: 5> 
ENTER SBN ^ ^ 
\ ^ CR br RETURN will stop t^e list. Another at the prompt will 

. exit. O 



Data Transmission Commands - ^ 

_^ - ' ■ ^. / 

/ Automatic Calling Unit (ACU) "is port 1^. 

Anderson-Jacobson Model (AJM) modem is port 10. 

CALLWCC ' ' ^ 

This uses. the ACU and calls the WCC TELEX, 79941. 

; ^ > ; - . - 

M5M: Transmission Reports - 

SUCCESS^ Established carrier. 

FAILED ^ Did not establish carrier. 

* ■■ ^ - — ' - / 

. EXPIREPy / AGU not responding. y 



HANGWCC 



TMITWCC 



This puts the ACU "on hook." 



This uses ACU and port 13. 



TMIl 



This uses AJM and port 10. 

Otherwise^ these are exactly the sam^, providing keyboard connection 
through the PDP-12 to TELEX, and a routine to send a data file to 
the CDC-6000. ■ ^. 

CTRL/T Pronjpts: ^ 
TRANSMIT WHICH? "A" N • ' / \ 

If data is on backup unit. ^ "%„ 0' 

SBN. • - 



"A" 

.N . 



SENT 



CTRL/E 
THE. END 



Prints whan transmission of that file is complete. 
Typing any keys while the file is being sent will stop 
the sending of that file. 
Exits and prints. 



M§M: Transmission Sjtocess 

BAD READ Could not re^d data. 



Output port is being used. 



>ORT BUSY 

i \- ' 

TMITAUX . "13" 

Similar to ^ibcecedjmg TMIT's but does not t|,e iip the Utility Area. 
"13" is used^^h CALLWCC. Default is port io." . 
' CTRL/T Prompts : "T" "A" N 

CJRL/T to re-entSr. . ' , - 
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If 



T* Use tape. 




'•A" I - ■ Backup unit, 5 or 15. 



N SBN. 



St art sending I echoes as Line Feed . 
'^^^ : Carriage- Return Signals Sent. ' 

^ Signals bad data read. ~ ^ 

Again, typing suspends the transmission. 
M§M: Loader ^ 
WRONG Already loaded or Bad Read 

. . ^ V , 

TMITAUU 

Unloads TMITAUX 

Video Feedback Conunands , 
SDED ■ ■ ^ • 

OROS 

OROS 2 These are the display scope routines^ which are used to rel 
siB^ected information back to a teacher in a classroom.' 
Prompts : _ 

No answer to BOX 1 turns the display off. 
. M5M: Loader 's 

"R ^Bad Read. \ 

SPEDU Unloads SPED. 
M§M: Loader 

■ -• ----- - ---- 0^ " " ' " ■ 

NOT. LOADED * . 
Utility Commands 

TDUMP "A" U B_ . l/J^j 



/ 
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TDWi^N ''A" U B B 



These liaft a block of 256^2-bit words jLn octA, 
••A!* ' Auxiliary TTY. 

U ^ ^ ^ Unit 0-1 « LINCtapes, 10-16 a disk, 

B B , . . List of block numbers/ 

Type Ck or RETURN to stop the listing. 
M§M: TDUMP Routine 

BAD READ of data blocks. 

CONSOLE X' 

This conroand will determine which teleprinter will be used to 

enter commands and print error messages. \^ ^ ■ 

X - "L** A 30 or "A" SR 33, tests first character only. 

DIAL ' . . 

^ Bootstrap to the DIAL-MS operating system,. ^ 

DITRMA Commands ' . 



DITRMA . ^ 

This coder training program uses an interactive setup similar to 
CATTS. 
M5M: Loader 

-R Bad read of program. 



Plus CATTS messages. 

DITRMAU 



To change DITRMA parametei^Ti^irst unload it with this command. 



DTIMER N 



DSTOP 




is coiranand a'ccepts the number of seconds the "CODE INITIATED' 



message is displayed while waiting for all -the coders to enter 
before the 'TIME" code list display will be generated and the 
VTR stops • • 

N \_J4umber of second^ to waijt for all coders* 




Usual mode of stopping at each disagreement. 



DNSTOP Special mode wliich does not stop the tape. 



DLIST N 



7 



This is a special ^^ita list program with a f|frmat of printing 
any code lists on the same linp. w 



N 



DITRMA.data file SBN to be Ustad. 



, ( 
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D ITRMA Data File Format , 

'ord Number Item . . 

.0 ' Data (Year-1975/Month/[)ay) 

1 Time at end of session (Hours * 60 ♦ Minutes) 

2 Master box^ number ^ ^ 

3 Number of data points 

4 . Total time in sec^ds 

(F^mpty) / 

X^N NumBfer of boxes in a code list 

, \ime Tdcmtification codes till 0011 
data Control code 



0^ 



"X time 

J^7761^, Master box 0011 control code 
time 

data Agreed-upon data 



^' ^ ^ time 



7776 Code list. flag . . J 

F Error typel ' m \ 

Data Cod^ li^ N boxes long^ y 

0 ' ' 

Data Data = 7776 means nothing was entered-r 



time , . 

data Consensus code entered to start tape. 

• , ■ ) 



tijB^ , 

7771 Master box 0099- control code 
time ""-O 

7777 End-of-data ma^k 



\ 

^All numbers are igs^^^l notation, 
0 7 Disagreem|it 
^. 1-6 - Coder ^Errfer 
10 - Time ' , , 
11-16 - Too far ahead 
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CATTS Data File Format . 



Word Number Item ,/ 



0 V Date (Year - 1975/Month/Day) , 

1 Time of end of session (Hour * 60 ♦ Minutes) 

2 Box number 

3 Number of data points 

4 Totai^- time ifi seconds ^ - 

5-37 ' (F-nipty) 

40 time 
data 



da 



time 

7761 00 11 control co^e 

trine Data that follows is packed hexadecimaljly 
data 



time 

7770 0088 control code 

time' Data that follows is packed decimally 
data^ 



time 

7771 \ 0099 control code 
time 

7777 ,end-of-data mark 



/ 

All numbers are in octal rr6tation. 



